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INTRODUCTICii 
The hamster during the past twenty ;yeare has grown in steture as an 
accepted laboratory animal and is of special value in vascular studies 
(wtz and Patt, 1952; Fulton and wtz, 1957) and in normal and malignant 
homo- and heterotransplants (Handler, 1951; Lemon, et al, 1952; Lutz, et 
al, 1950, 1951; Patt, et al, 1951; Patterson, et al, 1954; Toolan, 1954, 
- --- --
1955). The stimulus for this research project was the atypical results 
reported by Adams, Patt and Lutz (1956) in their experiment on "orthotopic 
skin transplants in hamsters." Using the well known technic of exchanging 
skin homograft& to determine lines of species specificity (because of the 
antigenicity of skin only identical siblings and highly inbred strains will 
tolerate skin grafts) this group found that the skin was not sloughed off 
within the 9 to 12 days generally observed in experiments of this sort. 
Instead, the grafts remained intact and viable for 6 to 12 months. The 
experiment was designed to exchange first and second set holllografts between 
"agouti" and "albino" Syrian hamsters obtained fromfour different geo-
graphical locations in the United States. The agouti to agouti grafts per-
sisted up to 12 months and the agouti to albino, and the reverse, were in 
excellent condition at 10 months postoperatively. Generally, about this 
time, tbe classical signs of infl8111111ation and necrosis began to appear. 
The authors concluded that although the results could be interpreted by 
assuming the samples of hamsters were partially inbred, they felt that there 
was a "defect in the hamster's ability to respond to tissue homografts." 
The possible "defect" suggested by Adams, et al (1956) was the basis 
of an experiment by Billingham and Hildeman (1958). They foUDd that the 
majority of "intraooloey" homograft& regenerated perfectly until the ex-
periment vas terminated, thus agreeing with Adam's group. However, with 
"intercolony" homograf'ts, four of the six intercolony combinations rejec-
ted their grafts follovillg the typical inflalllnatory response within 8 to 
ll days. Thus they explained tba successful "interstrain" homograft& as 
being characteristic of only certain colonies and they felt that there vas 
no basis for postulating lillY deficiency in the immunological machinery of 
the hamster. The distinguishing features exemplified by the Syrian hamster, 
that separates them from all other me•els studied, vas explained by an 
"apparent paucity of 'strong' transplantation antigens." 
Notwithstanding the results and interpretations pu.blished by Adams 
being somewhat inconsietent with those of Billingham, there is a common de-
nominator in both pu.blications ..;_ that the Syrian hamster (Mesocricetus 
euf'Pyo} is unique in that it will accept homografts of skin. Couple this 
finding with the information that this hamster occassionelly will even ac-
cept normal and malignant heterograf'ts (Handler, 1951; 'l'oolan, 1955; Foley 
and Handler, 1957) and one can appreciate the reason that the golden ham-
ster vas considered unique when compared to other common laboratory 
animals. 
The role of the lymphatic tissue and transplantation immunity vas con-
clusively demonstrated by Mitchison (1954), and by Billingham, Brent and 
Medavar (1954). A review of the literature on transplantation immunity in 
the hamster indicated that although a great deal of research vas performed 
on i.Jsunology and transplantation in the hamster, nothing significant had 
been reported on the capacity of hamsters to respond to various antigens. 
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Because serological methods have not been devised to demonstrate anti-
bodies in the transplantation of tissues, and equally important, beoause 
my field of interest is morphology, a study of the histological variations 
of the cheek pouch regional nodes involved in the transplantation immunity 
vas selected. 
While the investigation vas in an early phase, the Boston University 
Laboratories were contacted by Doctors L. Eidelhoch and w. B. Patterson of 
the Fifth Surgical Service, Boston City Hospital. They were most inter-
ested in a detailed histological picture of the regional nodes draining 
the cheek pouch following a heterotransplant of a human tumor. They wanted 
to use this information as a datum line to test certain anti-tumor sub-
stances. Since they generously offered to provide animals, tumors, and 
laboratory facilities for the investigation, it 1188 decided that the op-
portunity vas too valuable to ignore. Therefore, the thesis 1188 altered 
slightly from a study of the regional nodes draining the site of a skin 
graft, to a study of the regional nodes draining the cheek pouch implanted 
with normal and malignant tissues. (The original investigation is nov in 
progress under the auspices of a Public Health grant}. 
In essence, the change vas insignificant, for the premises that serve 
as a foundation in both problems are essentially the same. This is more 
readily appreciated if one remembers that (1) the cheek pouch is also 
"unique" in that a host of tissues, normal and malignant, homologous and 
heterologous grow with such ease that one feels inclined to consider this 
pouch as an immunologically priveleged area such as the brain or anterior 
chamber of the eye and (2) the transplantation immunity to tumor grafts 
closely resembles the immunity to homografts of normal tissues. 
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In order to carry out this study, certain preliminary examinations 
had to be performed, No one had published, to the best of my knowledge, 
even a cursory study of the lymphatic system of the hamster, Therefore, 
even though the data were almost predictable, it was necessary to estab-
lish the gross and llicroanatomy of the nodes that surround the hamster 
cheek pouch, Another problem was that cortisone-conditioning was to be 
used to maintain the heterologous transplants, so that the effect of col'-
tisone on lymphoid tissue was pertinent to the overall inquiry, So that 
the experiments would not be mere repetition of the literature pllblished 
on the effecta of cortisone on lymphoid tissue, the study was extended to 
include one month of conditioning rather than the ueual 10 to 14 days of 
cortisone treatment reported in the literature. To ineure that the morpho-
logical changes observed were the results of the stimulation of the tie-
sues and not from the trauma of implantation, a series of animals had to 
be tested with some inert substance, e,g, a cellulose sponge. Transplants 
of adult homologous and heterologous normal tissues (muscle) were performed 
to test the possibility that the nodes would respond to foreign tissue Jl!!l: 
.!!.• This experiment was incorporated even though it vas not expected that 
the transfer of adult normal tissues in a non-susceptible host would evoke 
a lymphoid response, With all of the above experiments as controls, the 
focus of the investigation could nov be performed, namely the effects on 
the regional nodes induced by homo- and heterograft& of malignant tissues. 
In all of the experiments discussed above, the "response" studied vas 
the gross alteration in the node (weight and appearance) and a detailed 
description and differential count of the cells found in the cortex, me-
dulla, and sinuses. Particular attention vas directed towards the two types 
5 
of cells, tbe lsrge lymphocyte of the cortex and the plasmacyte of the me-
dulls since most of tbe recent 11 tersture (to be discussed subsequently) 
emphasizes these two cells as being most intimately associated with antibody 
synthesis. 
In Bllllllllal'Y, this thesis will report on the following areas of in-
vestigation: 
1. Tbe gross anatOJ~W of the nodes draining the hamster cheek pouch. 
2. The normal histology of the hamster lymph nodes. 
3. The effects of long term cortisone conditioning (one month) on 
tbe regional lymph nodes. 
4. The effects on tbe regional nodes draining tbe cheek pouch fol-
lowing implantation of: 
a. an inert cellulose sponge, 
b. hoaologous muscle tissue, 
c. heterologous muscle tissue, 
d. homologous muscle tissue vi th cortisone, 
e. heterologous muscle tissue with cortisone, 
f. a human tumor, 
g. a human tuaor with cortisone, 
h. a hamster tumor (cortisone conditioning unnecessary). 
History of the Lympbetic System 
One of tbe difficult tasks in surveying a branch of science is to de-
termine wben it began. Many discoveries are from an age when accurate re-
corded history was absent; doCUIIIflnts and records are irreparably damaged 
or lost; and historians must frequently rely on "translations of transla-
tions of translations." Therefore, submitted below is but a brief 
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introduction into the "earliest" history of this system. 
Almost axiomatic in the history of science could be the phrase, when 
in doubt start with the Greeks, and the lymphatic system is no exception. 
Erasistratus (310-250 B.C.) was the earliest mentioned discoverer of the 
lymphatic system (Yoffey, 1956). Homan (1935) claimed th&t Galen (130-
200 .t.,D.) was the first to describe a lymph vessel. Fallopius (1523-62) 
was cited by historian Castiglione (1947) because he described "veins" 
coursing over the intestines filled with "yellow fluid." The references 
quoted identi~g Erasistratus, Galen or Fallopius with the lymphatic 
system were at best indirect and vague. 
One of the first to publish an unequivocal identification of ~~h 
vessels (mesenteric lacteals) was Asseli (1581-1656). He was about to de-
monstrate the recurrent laryngeal nerves during a dog autopsy when " ••• up-
on pushing back the stomach ••• noticed white cords spreading over the mesen-
tery," (Singer, 1950; Castiglione, 1947). Frequently mentioned with 
Asseli was his contemporary Pecquet (1622-74) who demonstrated the thoracic 
duct of a dog (Singer, 1950). 
The first documented treatise describing the entire lymphatic system 
was published by Bartholin (1616-1680) in 1653, and for this reason most 
historians label him the "Father of the Lymphatic System" (Nordenskiold, 
1928; Singer, 1950). Although Asseli and Pecquet published their works 
some 25 years earlier, their descriptions were restricted to only one com-
ponent of the lymphatic system; nor did they demonstrate a true knowledge 
of the anatomy or physiology of the system, The only dark cloud that 
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shrouds Bartholin's title was that a contemporary of his, Olaf Rudbeck (1630-
72) supposedly identified and described the system earlier but that Bartholin 
was honored solely because of an earlier publication date (Hordenskiold, 
1928). Nevertheless, if Bartolin were to share the title with Rudbeck, he 
would still be considered the outstanding partner. He coined the term 
"lymphatics" and his knowledge of the function and distribution of the 
lymph vessels waa the basis of a brilliant aeries of lectures entitled 
"Eulogy to the Liver." This "eulogy" along with Harvay's work, helped de-
stroy the concept that the liver was the primary site where food was con-
verted to blood. 
From the 17th century on, knowledge of the lymphatic syatam, based 
upon dissection and autopsy, accumulated rapidly. One can isolate IIIBDY key 
investigations, e.g. in 1744 Hewson published a detailed comparative study 
of the lymphatic system (Yoffey, 1956) or a more recent investigation on 
the origin of the lymphatics by Sabin (1902). However, for the most part, 
the contributions were amall and liUIIIerous. Practically every competent 
anatomist contributed some informstion regarding the functional anatomy of 
the vessels or tissues of this system, if no more than the description of 
the lymphatic structures of anotp.er species. 
It is for the above mentioned reason that emphasis will be placed on 
that aspect of the lymphatic system that is pertinent to this disserta-
tion, the functional anatomy of the lymphoid elements involved in the 
defense of the organism. 
Barrier Theory 
The oldest theory explaining the defense activities of the lymphoid 
elements was one based upon the concept that lymph, as it percolated through 
the lymphoid tissues, was "strained" of foreign material. One of the 
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earliest publications demonstrating this function was a report by Welch and 
Flexner (1891). They inoculated diphtheria bacilli subcutaneously into 
kittens, rabbits and guinea pigs and then described the changes in the re-
gional nodes draining the site of infection. However, it was the pioneer 
pathologist Virchow (1860) who presented the theory in a definitive manner: 
" ••• the elements be crowded together like particles in a charcoal filter, 
so that the lymph trickles out 88ain on the other side in a more or less 
purified state." He added, " ••• it is manifest, that no pus corpuscle can 
pass a gland." Virchow even used this theory to explain malignancy: 
When an axillary gland becomes cancerous, after previous 
cancerous disease of the II.BIIIIIIa, and when during a long period 
only the axillary gland remains diseased without the group of 
glands next iA succession or any other organs becoming affec-
ted with cancer, we can account for this upon no other suppo-
si tion than thet the glands collect the hurtful ingredients 
absorbed from the breast, and thereby for a time affords pro-
tection to the body, but at length proves insufficient, and, 
perhaps at a later period itself, becomes a new source of in-
dependent infection to the body, i.naslluch as a further pro-
pagation of the poisonous matter may take place from the 
diseased parts of the gland. 
This postulation of Virchow is labeled the barrier theory and still 
exists in modern explanations of lymphoid tissue defense activity, al-
though it has been extended. Instead of a filtration solely by mechani-
cal means, removal of foreign or particulate matter can also be achieved 
by the ph88ocytic action of the cells of the reticulo-endothelial-systSII 
(RES); and secondly, the possibility that the centers found in the corti-
cal tissue filter the blood (Hellman and White, 1930). An excellent 
article that reviewed the activities of the different portions of the 
lymphatic tissue was published by Ehrich (1946). 
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Antibody Theory 
For many years the defense action of lymphatic tissue by filtration 
remained unchallenged. This does not mean that scientists shied away from 
investigating other defense potentialities of lymphoid tissue. As early as 
the close of the last century, Pfeiffer and Marx (1898) realized the pos-
sibility that lymph nodes may produce antibodies. Murphy and Sturn (1925) 
pointed out the destruction of lymphoid tissue reduced the amount of 
"bacterial agglutinins, precipitins, and protective antibodies.• Ehrich 
(1929), in his earlier studies on the cortical germ center functions, dis-
cussed antibody production. Experimental lymphocytosis and lymphatic 
ll,yperplasia were produced by Wiseman (1931). Other investigators, study-
ing similar problems of lymphoid ll,yperplasia following antigenic stimu-
lation, all suggested in their respective publications (Cannon, 1932; 
Jones, 1925; Seegal, 1934; Smith, 1923) that lymph nodes might be the site 
for antibody formation. But all of the above investigators merely sugges-
ted the possibility; it was not until 1935 that conclusive evidence was 
published on the new defense role of the lymphatic tissues. McMaster and 
Hudack (1935) were the first to perform actusl antibody titrations of the 
resional nodes that drained an area that was injected subcutaneously with 
an antigen, thus demonstrating that lymphatic tissues produced antibodies. 
In subsequent years, the investigations of a substantial number of 
scientists have confirmed the pioneer research of McMaster. Ehrich and 
Harris (1942), using typhoid vaccine and erythrocytes as antigens obtained 
similar results. DeGara and Angevine (1943) demonstrated the transient 
appearance of antibodies in the lymph nodes. Habel, Endicott, Bell and 
Spear (1949) noted the increase of antibody after a node had been stimulated 
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with heterologous antigens. RiDgertz 8lld Adamson (1950) reviewed the 
lymph node responses to a variety of bacterial antigens 8lld observed a 
basic conformity in the response; 8lld more recently, Harris, Harris 8lld 
Farber (1954) pointed out that when the popliteal nodes of donor rabbits 
previously injected in the foot pad with Shigella parad:yaenteriae were 
transferred to recipient rabbits, agglutinins appeared in the sera of the 
recipients. Later, Harris 8lld Harris, .!i.!!. (1956, 1957) verified their 
earlier conclusions when they found lymph node cells, incubated iD, vitro 
with either a filtrate of trypsin-treated suspension of Shigella or with a 
soluble antigen of Shigella, were transferred to a normal recipient, ag-
glutinins to these bacilli appeared in the sera of the recipients. A good 
deal of supportive evidence has also been obtained from experiments that 
used a variety of agents that are known to destroy the lymphatic tissues 
8lld then studying the inhibitory effect on antibody formation (Jacobson, 
Rabson 8lld Marks, 1950). 
In s11111111ary, a modern definition of the barrier theory would conclude 
that lymphatic tissue has a dual defense role: (1) to filter lymph 8lld 
blood, the former in the lymphatic sinuses 8lld the latter in the cortical 
centers 8lld (2) to serve as a prillary site for the production of anti-
bodies. 
~phoid Cells 8lld Antibody Production 
Although the assigllment of the dual role to the lymphatic tissue was 
a considerable accomplishment resulting from years of experimentation, in 
contrast to the next phase of the problem - namely, whet cells are spe-
cifically involved in the function of defense - it appears almost of minor 
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importance. What makes this new line of investigation so difficult is 
primarily the tissue itself. Lwmpbatic tissue is one of the most active 
tissues of the body. It is composed of a variety of cells that are in a 
constant state of transition either through normal maturation or in response 
to some physiological alteration. In addition, superilllposed upon the 
•natural problems" is the observation that there has been more scientific 
altercation concerning the thesis "which lymphoid cell does what, where and 
when" than probably with any other postulate in experimental morphology •. A 
good proportion of the literature appeared to be based more upon continuing 
a "conflict" than upon formulating investigations which would suggest new 
lines of enquiry that would eventually lead to new discoveries. The net 
result is that the literature is voluminous, confusing, and contradictory. 
For example, one can survey a series of articles and extract as many as 
nine labels for apparently the same type of cell. The following quotation 
(Rich, 1936) may serve as a sort of summary editorial of the early research 
on lymphoid elements. 
Regarding the lymphocyte, I am sure that all who are engaged 
in the study and teaching of pathology will agree that the com-
plete ignorance of the function of this cell is one of the most 
lnmdliating and disgraceful gaps in all medical knowledge. Pro-
duced daily in enormous numbers by a mass of distributed lymphoid 
tissue, which if gathered together, would form one of the most 
imposing organs of the body, normally constituting one fourth of 
the circulating leukocytes, and increasing or decreasing markedly 
in number in various typss of infections and in various other pa-
thological states, these cells must undoubtedly serve the body in 
a most essential way, and yet, no information is possessed regar-
ding their function apart from the speculation based on evidence 
that is equivocal to say the least. • •• they have the appearance 
of phlegmatic spectators watching the turbulent activities of the 
phagocytes. L1 terally nothing of importance is known regarding 
the potentialities of these cells other than that they move and 
that they reproduce themselves. 
An addendum to the above quote is in order, namely that within the 
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past decade the science of the lymphatic system appears to be emerging from 
the state of "organized chaos" that it has existed in for almost a half a 
century. 
Of the total lymphoid cell population, only three cells have been 
seriously supported as potential antibody producers; the macrophage, lym-
phocyte and plasma cell. 
Ma.croMep 
It is logical that the cells of the reticulo-endothelial system 
should be considered as a source of antibodies because they are widely dis-
tributed throughout the organisa and they have the ability to "illgest" the 
antigen, the first step towards the assimilation of the antibody as a 
stimulus for antibody production. However, though the .RES theory was fa-
vorably considered in the early 1900s, in recent times there have been few 
proponents of this theory. One of the better known, important contribu-
tors to the "macrophage-antibody" theory has been Sabin (1939). Her con-
clusions were based upon the evidence that macrophsges phagocytized marked 
antigens (alum precipitated dye protein). The theoretical mechanism was 
presented as follows: "the antigen vas engulfed in a vacuole ••• from the 
vacuole the antigen passed to the cytoplasm where in some manner it in-
creased the synthesis of antibody globulins ••• these antibody globulins en-
tered the blood stream when the macrophage& shed pert of their surface 
film." Hartley (1940) likewise presented evidence in favor of the macro-
phage but his interpretations were severely criticized by Harris, Rhoads 
and Stokes (1948). Coons (1955) unequivocably states that all the evidence 
presented in favor of the macrophage is negative rather than positive. 
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Ehrich, Harris and Merten disagreed with Sabin's postulations, The former 
group found that sites of antigen injection, where there are numerous ma-
crophages, had only a low titer of antibodies, whereas the lymph nodes 
draining the infected site had a high titration of antibodies, They fur-
ther concluded that macrophages are net involved in the formation of the 
antibodies via the anabolic process of globulins because macrophages have 
an acidophilic cytoplasm whereas actively protein-synthesizing cells ex-
hibit basophilia due to the presence of large concentrations of RNA, 
Miller and Bale (1954) perfused rat livers with c14 labeled lysine and did 
not find the tagged particles in any Kupffer cells. 
That the macrophage is net the specific producer of antibodies appears 
to be agreed upon. However, this does not imply that the cell might not be 
indirectly associated with this function. Burnet and Fenner (1953) have 
submitted this suggestion as a possible role for the macrophage in the syn-
thesis of antibodies: " ••• antibody producing mechanism is initiated by the 
entry of the antigen into the R-E-S (macrophages), ••• the modified antigen 
is transferred to adjacent cells, e.g. undifferentiated mesenchymal cells 
or reticular cells," More recently Gabrieli (1955) claimed that the dis-
crepancies in the experimental data concerning the role of the RE cells in 
immunology were due to differences in the technique used - specifically, 
that "blocking agents" to the RES were not quantitatively the same. The 
author further claimed that his studies pointed toward the immunological 
importance of the entire RES, 
Lymphocyte 
Ten years before McMaster and Hudack conclusively demonstrated that 
lymphoid tissue produced antibodies, Bunting (1925), in an address to the 
Wisconsin Medical Association stated, "I realize that all will not agree 
with me that the lymphocyte series of cells produces antibodies, yet all 
the pathological evidence I can obtain inclines me to that view." 
That the lymphocyte is the immediate precursor of antibodies is pro-
bably a more logical choice than the uorophage. It is the predominant 
cell of the tissue and the intense basophilia of the cytoplasm is indicative 
of protein synthesis. In addition, like the macrophage, it is widespread 
in the body. Rich (1936) in the S8118 speech in which he lamented on the 
lack of knowledge concerning lymphocyte functions, supported the hypothe-
sis of the lymphocyte as an antibody producer. The author later (Rich, 
1939) supported this concept; he claimed that the structure of the acute 
"splenic tumor cell" was precisely that of the lymphoblast. Ehrich and 
Harris (1942) conducted a series of titrations on efferent lymph from rab-
bit popliteal nodes which drained the site of antigenic injections. They 
found that the titer of antibodies was increased one hundred fold over that 
calculated for the afferent lymph and that there was a parallel rise in the 
number of lymphocytes from 17 ,OCXJ/-.3 to 60,0CXJ/mm3 • Microscopically, the 
nodes showed extreme lymphocytopoiesis; mitotic cells increased as well as 
"blast" cells. The authors concluded that the lymphocyte is a possible 
antibody producer. 
Dougherty~ al (1944) used sheep RBC as an antigen to stimulate lymph 
nodes. They pooled the nodes, extracted the cellular components and dis-
covered that the cellular aliquot contained twice the amoWlt of antibody 
found in the fluid portion. Differential counts of the cellular portion 
determined thet the predominant cell was the lymphocyte and that the 
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potential antibody that could have been contributed by the other types of 
cells (~~~acrophages, reticulum cells, etc.) was not significant. Further-
more, the controls containing cellular elements from salivary glands and 
muscle tissues (no lymphocytes present) gave no response when titrated. 
The authors interpreted their results as "overwhelming evidence in support 
of the lymphocyte ••• and that the antibody was contained intracellularly." 
The same group in 1946 presented further evidence in support of their 
original interpretations and also proposed that the adrenal cortex honnones 
"enhance" the concentration of circulating antibody. 
Harris, et al (1945, 1946, 1956 and 1957) have presented an imposing 
array of experimental data supporting the lymphocyte. They established 
that (1) 9~ of the efferent lymph cells from a draining node were lympho-
cytes and the cells when separated from the supernatant had a higher con-
centration of antibodies than the fluid; (2) the ribosenucleic acid (RNA) 
concentration (extracted from the efferent lymphocytes) increased two times 
after the antigens were injected and that injected non-antigenic 111aterial 
did not raise the RNA level; (3} specific antibodies appeared in the sera 
of recipient rabbits on the first day after they were injected with lymph 
node cells from a donor rabbit that vee stimulated with dysentery bacilli 
in the hind foot pad; (4) antibodies were likewise obtained from the serum 
of irradiated rabbits following the transfer of lymphocytsincubated .iQ 
.!1m. with Shigella wadvsenteriaeo 
Several authors have proposed slight variations to the theory that 
lymphocytes are the primary producers of antibody. Burnet and Fenner 
(1949) suggested that the lymphocyte might be responsible for maintaining 
a low antibody titer for a long period of time and that some other lymphoid 
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element assumed the task of producing great quantities of antibody when 
there is a critical demand. Wesslen (1952) in his studies on the lympho-
cyte found that the thoracic lymph lymphocyte did not contain antibodies 
(following immunization with horse serum); but, the author claimed, these 
lymphocytes were capable of produciDg antibodies. 
In those experiments where microecopic analysis was part of the pro-
cedure, most authors have reported the presence of a large, basophilic cell 
in the cortex of the nodes or in the splenic pulp tissue. These cells were 
rarely seen in normal lymphoid tissue (Bunting, 1925; Burnet and Fenner, 
1949; Coons, Leduc and Connolly, 1955; Crail!IIIYle, 1958; Fagraeus, 1948; 
Harris, et al, 1945; Ke•mning, 1950; Kolouch, et al, 1947; Rich, et al, 
1939; Ringertz and Adamson, 1950; Scothorne, 1954, 1955 and 1956). The 
descriptions of this cell were fairly uniform but the interpretations of 
the purpose of this cell were not as clearly defined. The latter situation 
was reflected in the imposing liet of names that have been attached to this 
cellular unit: immature lymphocyte, young lymphocyte, lymphoblast, pro-
lymphocyte, plssmoid cell, large basophilic lymphocyte, reticular lympho-
cyte, acute splenic tumor cell, myeloblast, large lymphoid cell. Scothorne 
(1955) used the latter term because he believed it was "non-commital." 
This author not only believed that this cell played an active part in 
homograft destruction (to be discussed subsequently) but intimated that 
this large lymphoid cell resembled the "transitional and immature cell" of 
Fagraeus. It the large lymphoid cell is but one stage in a lengthy life 
cycle that also includes a plasma cell stage, this fact might bridge the 
hiatus that exists between the two theories, lymphocyte .!1. plasmacyte. 
The role of the lymphocyte in antibody production will again be discussed 
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following the section on the plasma cell. 
The controversy between the proponents of the lymphocyte and the pro-
ponents of the plasmacyte was not restricted to scientific deductions and 
interpretations but apparently extended to geograpQy as well, because the 
lymphocyte has been most popW.ar in the Americas while in Europe, the plasma 
cell holds this distinction. 
The appearance of the plaama cell theory began in the late 1930s; 
specifically when Bing and Plum (1937) published their report on 13 case 
histories of leucopenia. In all of these cases, plus others previously 
examined by the authors, in which hyperglobulinemia was a common feature, 
there was an increase in plaama cells and reticulo-endothelial cells. The 
authors felt that the data seemed to indicate that globulin formation was 
connected with these cells. 
Kolouch (1938) suggested a possible relationship between the parallel 
rise of antibodies and marrow plaama cells associated with allergic and 
immune states in rabbits. An excellent review of the early literature on 
the forementioned relationship was given by Kolouch, Good and Campbell 
(1947). 
Bjprneboe, Gormsen and Lunquist (1947) deducted from their data that 
the manifestations of hyperimmunization were pronounced plasmacytosis and 
hyperglobulinAJnia, and that these increases were proportional to the rise 
in antibody titer obtained by i!D!D1mizing rabbits with pneumococcus. 
It is important to note that in the history of the plasma cell theory, 
investigators were aware that the plasma cell had definite maturation 
stages and that the synthesis of antibody might be restricted in part or 
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completely to one of these stages, especially an early stage. Bing, 
Fsgraeus and Thorell (1945) demonstrated that the larger, immature plasma 
cell predominated in the earlier periods of antibody development; in the 
tel'llliDal stages of antibody titer, the mature or Marschalko type of plasma 
cell was abundant. The authors utilized ultra-violet microspectographic 
analysis and the Feulgen reaction to test for the presence of ribose nucleic 
acids and found that the immature plasma cell contained more nucleotide than 
the mature cell. 
Fsgraeus (1948) recorded the changes in circulating antibodies and cells 
of the spleen following induced anaphylactic shock in rabbits. Her results 
showed that: (1) there was a sillultaneous increase of plasma cells (almost 
exclusively restricted to the red pulp) and antibodies; (2) tissue cultures 
of red pulp (abundant in plasma cells) produced more antibodies than the 
equivalent amount of lymph follicle tissue (rich in lymphocytes but poor in 
plasma cells); (3) antibody titers were at a maximum when immature plasma 
cells were present and receded markedly when mature plasma cells predomi-
nated; (4) antigens injected intravenously accWIIIllated in those areas where 
plasma cells develop. In a brilliant monograph published the same year, 
Fsgraeus added the following to the above conclusions: (1) antibody de-
velopment takes place in close connection with the resorption of the anti-
gen; (2) antibody fo:nnation occurs in cells belonging to the reticulo-
endothelial system; (3) on the occasion of increased antibody fo:nnation, 
a development of the reticulo-endothelial cells into plasma cells occurs, 
and dui'ing.r this .. process, antibodies are being formed. 
Ehrich, !_! al (1949) presented similar results that indicated that the 
plasma cell and not the lymphocyte was the antibody producer. The weights 
of the regional nodes increased directly proportional to the increase of 
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DNA (desoxy ribose nucleic acid). The peak RNA (ribose nucleic acid) level 
coincided with the time when the antibody titer was at its highest, 4 to 6 
days post injection. Histological examination (using methyl-green-pyronine) 
of the nodes disclosed that cellular response was chiefly an increase of 
plasma cells for the first 6 days of the experiment, and that most of the 
RNA was located in the plasma cells. Finally, they pointed out that lympho-
cytopoiesis, in contrast, ~ at its peak by the 9th day post injection by 
which time both the RNA and antibody titers had passed their maxima. (An 
interesting sidelight exists to this survey, namely that Ehrich, in the 
course of years has paralleled the swing of the pendulum; he started by 
supporting the macrophage theory early in his career and then the lympho-
cyte and now the plaema cell). 
Some very convincing evidence has been presented by Coons, Leduc and 
Connolly using fluorescent antigen. With this technique, they were able 
to show that antibody first appears in the plasma cells and their progeni-
tors:; specifically in the large "blast" cells that are situated around the 
periphery of the lymphoid nodules adjacent to the medullary sinuses and 
medullary cords; and also demonstrated conclusively that small lymphocytes 
do not produce antibodies. Coons, !.! !!_ (1955) published additional re-
sults favoring the plasma cell as the site of antibody production. The 
authors summarized their collective results as follows: 
In such animals (following repeated injections of antigens) 
there develop colonies of plaema cells in the spleen and lymph 
nodes conta; nj ng several hundred plasma cells per colony. • •• 
the antibody content of such tissues is correlated with the pre-
sence of plasma cells and fragments of tissues containing plasma 
cells will continue to synthesize antibody when transferred to 
culture fluid ill vitro. The synthesis is more rapid if the tissue 
contains younger members of the plasma aeries, especially large 
cells with basophilic cytoplasm called by Fagraeus "tranei tional 
cells" and by others plaemablasts or hemocytoblasts. Moreover 
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the initial antigenic stimulus has a hidden effect which does 
not become manifest until it is unveiled by the burst of growth 
and protein synthesis which follows a second specific stimulus. 
Ortega and Mellors (1957), claimed that there are at least three cells 
associated with gamma globulins in lymphatic tissues and lymphoid filtrates: 
(1) pleeme cells, (2) plesme .all§. n!!! "Russell Bodies" (Russell Bodies, 
as revealed by electron microscopic study, are homogeneous masses formed 
vi thin the endoplasmic reticulum; they are difficult to discern vi th ordi-
nary stains and their function is questionable); (3) intrinsic cells of 
the germinal center which, though they resemble medium lymphocytes, large 
lymphocytes and reticular cells, are nevertheless distinguishable. 
Resxnthesis 
The problem of identifYing the cell(s) responsible for antibody pro-
duction is no simple one. An avenue of attacking this problem that appears 
to be gaining in popularity, is to stress the similarities between the con-
testants in this identification rather than to widen the gap as was here-
tof'ore the fashion. Based upon eVidence, investigators are finding a con-
crete relationship between lymphocytogenesis and plasmacytogenesis. In 
1948 Craddock and Lawrence published a report that stimulated a great deal 
of speculation. They found that rabbits, subjected to whole body irradia-
tion, continued to produce antibodies even though the major portion of the 
lymphoid tissue was destroyed. However, this uninhibited antibody produc-
tion was possible only if' the irradiation occurred between 4 to 9 days 
following antigenic stimulation of the rabbits. If rabbits were first ir-
radiated and then stimulated with an antigen, the capacity for antibody 
production was not present. The authors suggested that there is a highly 
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active stem cell, which is capable of either transforming into plasma 
cells as it matures or perhaps provides the cellular materials necessary 
for plasmacytogenesis. Sundberg (1955) offered the interesting specu-
lation thet the immature plasma cell and lymphocyte were not as suscep-
tible to x-irradiation as were the mature lymphocytes. This point has 
been supported by Trowell (1955) who found that small lymphocytes are the 
most radiosensitive cells in the body. Trowell believes that this sensi-
tivity may be accounted for by the relative paucity of cytoplasm in small 
lymphocytes. 
Keuning and van der Slikke (1950) supported the hypothesis that the 
immature plasma cells produced antibody first but they also found that 
the white pulp of the spleen (devoid of plasma cells) produced antibodies 
in .l!i.B:2. to some extent. 
Sundberg (1942, 1947 and 1955) suggested a relationship between the 
plasma cell and the large lymphocyte based in part on the knowledge that 
there were morphological differences between the immature (precursor) 
plasma cell and the immature lymphocyte but often their similarities ex-
ceeded their differences. The author conoluded that it would not be sur-
prising to find that these cells (or the immature lymphocyte, lymphoblast, 
reticular lymphocyte, etc.) could function either as "precursors of. lym-
phocytes and macropbegee or precursors of plasma cells under appropriate 
stimuli." 
Jordan (1954) in hie publication on the origin and fate of the plas-
macytee presented evidenoe which supported the "unitarian" theory that 
lymphocytes and their progenitors have multiple developmental potential-
ities. Plasmacytes may originate from medium and large lymphocytes or 
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from fibroblasts and costal marrow hemocytoblasts as seen in patients with 
multiple myeloma. Furthermore Jordan contended that the hemocytoblast, 
plasmablast and lymphoblast are cytologically identical. 
If all the pertinent data cited in this brief history were condensed 
and summarized it would indicate that: 
1. Lymphatic tissue serves as a major defense mechanism of the 
body. 
2. lwmph nodes and spleen are ths major sites of antibody produc-
tion. 
3. Following antigenic stimulation with microorganisms there is a 
parallel rise :ill ths tissue :ill antibodies, nucleotides, 
lymphocytes and plasma cells. 
4. Following transplantation of homologous tissue there is a rise 
in nucleotidea, lymphocytes and plasma cells but antibodies 
cannot be detected. 
5. The small lymphocyte does not produce antibodies. 
6. There is a relationship between the immature plasma cell and the 
immature lymphocyte and both types of cells appear to be 
connected with protein synthesis. 
Lymphatic Tissue and Transplantation Immunity 
With few exceptions, all of the results cited previously :ill the dis-
cussion on the relationship of lymphatic tissue and immunity were taken 
from experiments that used antigens that were capable of producing serum 
antibodies, and that ~ese antibodies were capable of conferring passive 
immunity. In the past 20 years, the phenomenon of immunity has been 
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extended to include a type of immunity in which serum antibodies are not 
demonstrable and in which the transfer of serum from an immunized host to 
a normal recipient is ineffectual in conferring immunity, According to 
Billingham (1954), this is the category into which transplantation immu-
nity belongs, 
Balow is a list of the definitions of ~unity that are commonly em-
ployed by workers in the field of transplantation and tumor studies. 
These definitions were taken from publications by Billingham (1954) and 
Medawar (1957), 
Tz:ensplant&tion !mJmi ty: this term refers to the state of 
intolerance which is called into being by the transplantation of 
living tissues between different individuals of the same species, 
Actively Acquired Immnpjb: the state of heightened resis-
tance to an antigen or its cellular vehicle which represents the 
legacy of a previous exposure to the antigenic stimulus., .also 
capable of s •secondary response," 
Passively Acquired !mmunity: the resistance of a second 
hand origin produced by the transfer of ready made antibody from 
an actively immunized donor into a normal subject, The distinc-
tion between actively and passively acquired immunity is that in 
an actively acquired immunity, the primary response to the anti-
genic stimulus has been taken by the subject's own tissues, and 
in passively acquired immunity, by tissues of some other animals, 
A4optively Apquired TmmupQty: the normal subject becomes im-
mune as a result of transference, not of preformed antibody, but 
of immunological activated tissue. This is sort of an interme-
diate state.,,between actively and passively acquired immunity, 
One clarifying distinction is that adoptively acquired immunity 
can give a "secondary response" in spite of not having a primary 
response whereas the passively acquired immunity cannot exhibit 
a "secondary response," 
!mmunolorical Paralysis: this term describes the impairment 
of immunity caused by the injecting adult mice with relatively 
large doses of a specific antigen,,,whioh (the antigen) in small 
doses would have caused immunity, 
Immunological Tolerance: describes the acceptance of homo-
grafts by animals which have been injected with living homologous 
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cells before or shortly after birth, 
(These definitions, as the authors point out, should be accepted as 
"working tools" and not laws for they represent scientific speculations and 
not unsl terable facts, For exsmple, it is entirely possible that "tolerance" 
and "paralysis" are essentially similar states differing only in the means 
by which they are achieved,) 
Power, Taylor and MacDowell (1938) were able to transfer resistance 
to a transplantable leukemia from cells (minced spleen and liver) of ac-
tively immunized mice to normal mice. They were also able to report that 
serum from immune mice was unsuccessful in eliciting a similar response, 
Medswar (1945) in his excellent survey of the homograft problem as it re-
lated to the transplantation of rabbit skin, submitted three independent 
examples that supported the "iDBune phenomenon" of graft retrogression. 
He concluded his SUIIIIII8l'y with the cypothesis that "the antibody generated 
by skin homogrsfts is such that it specifically prevents the completion 
of nuclear division in the cells of homologous grafted skin," 
However, credit for recognizing the underlying principals involved 
in the relationship of lymphatic tissue and grafting as well as devising 
the experiments to test these cypotheses, belongs to Mitchison (1954, 
1955). This investigator was able to confer passive immunity to a lympho-
sarcoma (6C3HED) by grafting the regional lymph nodes from the tumor-
bearing donor to a normal recipient. The breakdown-time of the tumor how-
ever was not lengthened by the transfer of serum or peritoneal exudate -
nor was immunity transferred from immunized females to their young. 
Mitchison concluded, therefore, that transplantation immunity is trans-
ferred with "greater facility by cells than by antibodies in solution, if 
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transferred by the latter at all." 
Billingham, E _!! (1954) were quick to support Mitchison's assumptions 
that heightened resistance to grafts could be transferred by living lym-
phoid cells. They removed the regional nodes from actively immunized CBA 
mice and transplanted these nodes to normal CBA mice and the latter then 
behaved as if they were actively immunized. The same experiment using the 
spleen was not as successful; thus they concluded that the regional nodes 
were the principal but not the only center of reactions against homografts. 
In addition, Billingham's group showed that killed lymphoid cells trans-
planted subcutaneously were ineffective, nor were massive doses of whole 
blood, blood leukocytes, or serum capable of transferring immunity. These 
results, they agreed, indicated that the 1mmn1ty acquired by the recipi-
ents were not due to the passive transfer of preformed antibody. 
Since 1954, there have been iDDUil9rable experiments baaed upon the 
findings of Mitchison and Billingham, et A!.• Albert, Johnson and Pinkus 
(1954) found that the weight and P'2 uptake by lymph nodes were markedly 
increased in mice receiving isologous and homologous tumor transplants or 
protein fractions of these tumors. They suggested that·changes in the 
nodes of tumor-bearing mice are due to the release of antigenic protein 
from the tumor tissue. Andreini, Drosher and Mitchison (1955) obtained 
experimental results revealing hyperplasia of the regional nodes and 
spleens from susceptible and non-susceptible tumor-bearing hosts. They 
also found a corresponding increase of nucleic acid and protein nitrogen. 
Scothorne and MacGregor (1954, 1955) reported that the increase of weight 
of the first regional node draining a skin homograft in rabbits was greater 
than a similar node from an autogrsfted animal • Furthermore, following 
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homografting, the cortex of the first regional node draining the site of 
the skin graft, showed a significantly large accumulation of "large lym-
phoid cells" whereas the cortex of the first regional node of the auto-
grafted animals exhibited no such accumulation. That the changes of the 
nodes from tpa operated side of the rabbits were due to the draining of 
the homograft was independently illustrated by the fact that the contra-
lateral nodes in these homograft experiments did not display the hyper-
plasia or the increase of cortical large lymphoid cells. Since these 
"large lymphoid cells" decrease rapidly vi th the onset of graft destruc-
tion, Scothorns and McGregor suggest that the "large lymphoid cell" plays 
an active part in the mechanism of homograft destruction. Scothorns 
(1956, 1958) supported his "large lymphoid cell theory" by demonstrating 
that cortisone, which prolongs the survival of grafts, also "suppresses or 
reduces the developaent of the •large lymphoid cell' response in the re-
gional nodes of homografted rabbits." Craigm.yle (1958), studying the 
lymph node changes induced by cartilage homo- and heterograft&, reported 
a marked hyperplasia of the regional nodes and histological changes ef-
fecting the cortex principally. The author noted the appearance of large 
pyronine-positive cells that conform morphologically to the "transitional 
cell" of Fagraeus and to the "large lymphoid cell" of Soothorns and 
McGregor. 
Adrenocortical Hormones, Lymphatic Tissue, Transplantation 
During the past 15 years, the influence of ACH and ACTH on lymphatic 
tissue has received a great deal of attention. However, to report on the 
role of these hormones is fraught with difficulties not only because the 
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hormones are apparently raul tipotential but because the investigations are 
far from complete. Since this thesis is not concerned with the mechanism 
of cortisone conditioning in transplantation, only a brief survey will be 
considered. 
Atrophy 
The connection between the adrenal cortex and lymphoid tissue has 
been known for years because one of the manifestations of a disease that 
Addison described in the late 19th century (which now bears his name) was 
a marked lymphocytosis. However, it was not until Selye (1937) proposed 
his General Adaptation Syndrome (GAS) that a significant amount of con-
trolled experimental data investigating this relationship were formulated. 
Oae of the striking manifestations of the GAS is the involution of lym-
phoid tissue. In more recent years, injections of ACH or ACTH in varying 
quantities have conclusively demonstrated the marked involution of lymphoid 
tissue (Craig, 1952; Dougherty, 1953, 1954, 1956; Kass, 1953; Simpson, 
1943). 
Cellular E(fects 
There is substantial evidence that the adrenocortical secretions in-
hibit phagocytosis, mitosis, and DNA synthesis; therefore, inhibiting 
antibody production (Crabb, 1951; Dougherty, 1945; Kass, 1953; Heller, 
1955; Ragan, 1950; Scothorne, 1956, 1957; Teir, 1954). 
Grafts and Graft Sites 
An accepted procedure in making certain animals "tolerant" to 
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homologous or even heterologous grafts is to condition them with cortisone. 
Whether the homone primarily effects the graft (Billingham, 1951; Crabb, 
1951; Scothorne, 1956; Sparrow, 1953; Toolan, 1951, 1953, 1954; Woodruff, 
1953) or the graft site (Ragan, 1949, 1950; Toolan, 1958) or some other as-
pect of the host's defense mechanism is still speculative. 
Circul sting Antibodies !!!!S, Lymphocytes 
Although some of the earlier investigations concluded that adreno-
cortico-hormones enhance the circulating antibody concentration (Chase, 
1946) the general conoensus is that ACH and ACTH both inhibit the titer of 
circulati.Dg antibodies as well as decreasing the amount of circulating 
lymphocytes (Bjprneboe, 1951; Craig, 1952; Hills, 1948; Reinhardt, 1944; 
Stoerk, 1953). 
Inflammatory Response 
Dougherty and Schneebeli (1950) and Dougherty (1953) highlighted the 
antiphlogistic qualities of cortisone. The moderation of inflammation was 
found to be dependent upon the degree of inflammation and the amount of 
antiphlogistic hormone available at the site. Dougherty also pointed out 
that a hydroxyl group in the 17th position is necessary for anti-inflam-
mation and when the llth position has an oxy or hydroxy group, anti-phlo-
gistic activity was at its maximum. Singer and Boman (1956) reported 
that a slightly higher anti-inflammatory activity was obtained when the 
21st position is hydroxylated and not the 17th; while maximum activity was 
obtained when both positions are hydroxylated. Kramar, Kramar and Levine 
(1956) reported on the correlation between the structure of adrenocortical 
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hormones and capillary activity. Alterations in tbe cortisone 1110lecule 
which modified its anti-infl81111Datory activity also increased capillary re-
sistance. Leukotaxin and leukocytosis-promotill4!'-factor were shown by 
Mankin (1956) to be inactivated or markedly reduced in potency by the re-
peated injections of hydrocortisone at the site of inflammation. Mankin 
also pointed out that tbe suppression of infl81111Datory action was at a 
cellular level. Wyman, Fulton, Shulman and Smith (1954) have suggested 
that the inhibition or suppression of inflammation by cortisone may be 
due to the vasoconstriction of the vessels supplying and draining the site 
of injury and inflaJIIIIIa tion. 
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MATERIALS AND METHODS 
Animels 
In all of the experiments golden hamsters (Mesocrioetus auratus) of 
both sexes, about 5 weeks old (50 to 70 grams) were used. The hamsters 
were obtained from one looal professional breeder. The animals were 
stored two to a cage and with very few exceptions, eaoh datum listed in 
the results represents the average of the two hamsters that were caged 
together. They were fed Purina Laboratory Chow and water ~ libitum• 
Implantation liS!!. Conditioning 
The technic of transplanting the tissues to the pouch was essentially 
the same as described by Lutz, §.!A! (1951). The tissues were cut into 
fragments 1 to 2 111111. and kept moist on a sponge wet with saline. The 
hamsters were anesthetized with Nembutal (sodium pentabarbitol, Abbott), 
the pouch was then everted by means of blunt forceps, and the site of im-
plantation was cleansed with Zephiran (Winthrop Laboratories)(l:lOOO). 
The tissues were deposited near the tip of the everted pouch 'IIi th a #18 
trochar. Every effort was made to perfo:nn the operation swiftly and with 
a minimum of handling to minimize trauma. Only the left cheek pcuoh re-
ceived a graft. Thus the right side of the animal served as an additional 
control. 
Certain experimental runs necessitated the conditioning of the ham-
sters with cortisone acetate (Sharpe and Dobms). The dosage was dependent 
upon the weight of the animal according to the following scale: 60 to 70 
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grams, 2.0 mg. of cortisone; 70 to 80 grams, 2.5 mg. of cortisone; 80 to 
90 grams, 3.0 mg. of cortisone. The initial injection of cortisone was 
given on the day of the operation and thereafter every three days Wltil 
the experiment terminated. All injections were subcutaneous, as close to 
the mid-dorsal line as possible. 
Tissues 
The malignant tissues used were (l) a human amelanoma melanoma (BCH 2) 
which had been carried through 17 generation of cheek pouch transplanta-
tions and (2) a spontaneous hamster amelanoma melanoma that had been CIU'-
ried through 29 generations of cheek pouch transplantations. Both types 
of tumors have an accelerated growth rate for the first 10 to 14 days and 
then level off and grow in a plateau fashion. Generally, by the end of 
the third week the heterologous tumor will have increased from a fragment 
of l 11111. to a firm, pearly white or yellowish nodule of about 18 mm. The 
homologous tumor, at this point, will measure over l em. From day 21 on, 
the tumors either enlarge, become edematous, or ulcerate. 
Hamster muscle tissue was taken from a donor from a different lot of 
animals and the human muscle was obtained fresh from the operating room. 
Both tissues were transplanted within 30 minutes of removal. No effort 
was made to keep the tissues sterile or to make them sterile; however, all 
instruments used in the procedure were sterilized. 
Identification .Q£ I,ymphatic Tissue 
In 1948, Priddy and Brodie published an anatomical accoWlt of the 
muscles, nerves and blood vessels related to the hamster cheek pouch but 
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the authors did not submit s:DY information concerning the regional lymph 
nodes ami the lymphatic circulation of the pouch. Therefore, several tech-
nics were employed to identify the lymphatic structures associated with the 
cheek pouch. 
The identification of the DOdes 1fll8 demonstrated simply by using the 
classical method of injecting particulate matter intraperitoneally, sub-
cutaneously, or intracutaneously (Hudaok ami Mc:Maater, 1933; McMaster, 
1941; Sanders, 1940; Yoffey, 1941) and waiting a few days until the vital 
dyes were absorbed and removed from circulation by the R-E cells. The 
dosage was proportional to the weight of the animals based on a ratio of 
1 oc./100 gms. The following dyes were used: 
Pontemipe .§&Blue (Dupont Chemical Co.); an acid vital dye with an 
approximate molecular weight of 990. A stock aqueous solution iso-
tonic with blood is 21.6%; this can be diluted with physiological 
saline to the color desired. According to McMaster and Parsons 
(1939) this was the most diffusable vital dye that yielded positive 
results in the demonstration of lymphatics, was nearest to albumin 
in molecular magnitude and drained chiefly by the lymphatics. 
Patent ID.l!!,.! (National Aniline Co.): also called "alphazurine." 
It has much the same properties as pontsmine except it is more dif-
fusable, having a molecular weight about 585. An isotonic solution 
is made by dissolving 11 grams of the pawdered dye in 100 cc. of 
water. When diluted with Tyrode's or Locke's solutions to 5.5%, it 
had the tinctorial value of a ~ solution of pontamine (McMaster and 
Hudack, 1939a). 
The identification of the lymphatic drainage of the pouch involved 
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the use of these dyes plus one other, a 5% saline solution of T-1824 (w. 
R. Warner and Co.), an isomer of Trypan blue. The injection technic was 
similar to that outlined in the publications by Pullinger and Florey (1937) 
and Yoffey and Drinker (1938). Following Nembutal anesthesia, a 30 gauge 
needle was inserted at approxilla tely a 45° angle into the membrane of the 
pouch. The pouch was either iB. situ or fastened over an optical square in 
a "hamster dish" developed at Boston University Biology Laboratories. The 
dye was then injected slowly over a period ranging from 30 minutes to 2 
hours, the object being to maintain a constant state of pressure on the 
injection fluid. To facilitate the movement of the dye, gentle massaging 
pressure was applied to the injection site with a blunt probe. 
Because the above procedure did not produce conclusive results (dis-
cussed elsewhere) the visualization of lymphatic vessels was attempted with 
a technic involving the use of radio-opaque materials which are not meta-
bolized and emit ionizing radiation (Bennet and Shival, 1954; Fisher, 1957; 
Walker, 1950). Thorotrast (thorium dioxide) was injected in the manner 
described above. The hamsters were then X-rayed at 75V and 10 M.A. for 
l/20th of a second, with a Campbell 145 K.V.P. machine. 
Autopsy 
Following the transplantation, the animals were killed at predeter-
mined intervals. To animals were killed for each stage in the series. 
The following code was devised to identify the animals in the results: 
N - normal HT - hamster tumor 
Sp - cellulose sponge M - human muscle tissue 
C - cortisone MC - Human muscle tissue plus 
T - human tumor cortisone 
TC - human tumor plus cortisone HM - hamster muscle tissue 
HMC - hamster muscle tissue plus cortisone 
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In all of the experiments, the coda letter was contained in the numerator 
of a fraction and the killing date in the denominator. When cortisone 
was used, the D!llllber of injections of cortisone at the time the animal 
was killed was also placed in the numerator along vi th the code letter, 
Thus, an animal labeled TC3/8 would IIIBan that the animal with a human 
tumor graft was killed on the 8th day following transplantation and 3 
injections of cortisone, A reference to HT/14 implies tha animal had a 
hamster tumor graft and was killed 14 days postoperative, On the pre-
determined dates, the animals were first weighed and then killed with 
1,5 cc. of Nembutal, The superficial cervical nodes and the spleen 
were removed and wet weights were made by means of a Roller-Smith Pre-
cision Balanoe; the results were expressed in milligrams (mg), An:y 
variations of size, color, or position of these organs were noted, Be-
fore the animals were discarded, the general states of the other organs 
were carefully checked and any variations were recorded for future re-
ference, 
The lymphatic tissue was then placed in Carnoy's fluid (6Q% abso-
lute alcohol, ~ chloroform, and lo% glacial acetic acid) and fixed 
for 1 to 2 hours, depending upon the size of the tissues, Following 
fixation, the tissues were washed in two changes of absolute alcohol, 
30 minutes washing and stored in cedarwood oil, Whenever there was any 
doubt about the success or failure of the transplant, the graft site 
was removed, fixed in Zenker's solution and stained routinely with hema-
toxYlin and eosin, 
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Histologigel Technic 
All fixed lymphatic tissues were embedded in Tissuemat (Fisher), cut 
at 5 micra and stained with meteyl-green-pyronine (MGP), also called Unna-
Pappenheill stain. This stain is excellent in that it reveals the general 
location of two types of nucleic acids. The DNA of the nucleus takes on 
a deep blue or buisb-green color and the RNA of the nucleoli and cyto-
plasm stains a bright red with the pyronine portion of the compound 
(Kurn.ick, 1952, 1955; Taft, 1951, 195la). As with all "recipes", there 
are many variations to the procedure. The most successful procedure I 
found was to stain the tissue in MGP for 20 minutes, differentiate and de-
hydrate with acetone anywhere from 1 minute to 10 minutes, and then clear 
in xylene. 
Histological EJeminetion 
Each of the slides was analyzed in the following manner: 
(1) A general description of the node. 
(2) The number of secondary centers in the cortex. 
(3) The percent ratio of large lymphoid cells to small lymphocytes 
in the cortical tissue surrounding the secondary centers. These determi-
nations were made by counting all of the large lymphoid cells within the 
boundaries of a 1 IDIIIo reticule (divided into 100 squares) and then counting 
the small lymphocytes found in 20 of the squares and multiplying by 5 to 
obtain the total number of small lymphocytes in the same area where the 
large lymphoid cells were counted. Ten such counts were made from various 
areas of the cortex, selected at random, and the results recorded as their 
mean value. 
(4) Differential counts were made of the medulla in corresponding 
areas of the nodes (center of the medulla, at the hilum, and at one peri-
pheral extension of the cords) to determine the percentages of (a) small, 
medium and large lymphocytes, (b) plasma cells, (c) reticular cells, (d) 
granulocytes and (e) mitotic cells. 
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EXPERIMENTAL RESULTS 
Nonnel AnatOIIly 9l...Ji!:!!. Hemater CerviCal ~ Nodes 
An:y description of the normal gross and microscopic anatomy of lym-
phatic tissue must be prefaced by the statement that the tissue undergoes 
in normal activity, a physiological-morphological cycle and that which is 
described under the heading of "normal histology" is but one phase in a 
sequence of events. 
Location 
Adjacent to each cheek pouch are four lymph nodes that occupy approxi-
mately the same areas as similar nodes do in the rat. (a) The superficial 
cervical nodes lie laterally to the midventral line, close by the anterior 
border of the submaxillary glands. (b) The deep cervical nodes are found 
singly at the bifurcation of the carotid. (c) The auricular or parotid 
nodes are located at the base of the pinnae slightly ventrad or lateral to 
the parotid glands. (d) The axillary nodes (occasionally more than one 
found on each side) are located in the axillary depressions and are 
covered by fat. 
The regional draining nodes of the cheek pouch, or the lymphatic ves-
sels of the pouch were not conclusively demonstrated, either with vi tal 
dyes or with thorotrast, as it has been performed for other areas of the 
body. For example, if the rabbit foot pad or pinna is injected with a 
vital dye it is possible to observe the course of the dye via the lymphatics. 
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Because all lyaph fiuid generally passes through at least one node before 
it enters the systemic circulation, the first node to receive the colora-
tion is therefore considered "the regional draining node." In the rabbit 
the popliteal node drains the foot pad and the superficial cervical node 
drains the pinna. When the left cheek pouches of a series of hamsters 
were injected vi th dyes, no movement could be seen even 6 hours after in-
jecting. The only indication of a possible lymph drainage were minute 
extensions (4 mm.) of dye radiating from the central accumulation. Fur-
thermore, none of the nodes at si:a: hours showed any signs of dye accumu-
lation. About ten hours post injection the left superficial cervical node 
had a faint traoe of dye present; at 14 to 18 hours, the left superficial 
cervical nodes were distinctly colored. When all the animals were killed 
at 24 to 36 hours terminating this trial run, the nodes in the vicinity of 
the cheek pouch had accumulated dye in the following approximations: 
Left superficial cervical node +++ 
Right superficial cervical node + 
Left auricular node + 
Right auricular node ± 
Left axillary node ± 
Right axillary node 
Left deep cervical node 
Right deep cervical node 
The superficial node on the operated side of the hamster appeared to be 
the most important node for draining the cheek pouch. Additional supporting 
evidence was obtained by inducing necrosis or inf'ection (croton oil; burne) 
and five days later weighing the nodes. The only nodes that showed any 
significant increase in weight were the left superficial cervical nodes. 
Finally, in the early stages of this study, a detailed histological e:a:ami-
nation was made of all the nodes mentioned above. The only nodes that 
showed consistent and significant increments in weights, secondary centers, 
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plasma cells, and large lymphoid cells following a homotransplant of a 
tumor, were the left superficial cervical nodes. Therefore my judgement 
was that the superficial cervical node on the operated side was the impor-
tant draining node of the cheek pouch. 
Grose Alla'tom¥ 
Listed in Table I are the weights of the left and right superficial 
nodes and spleen. The figures illustrate that even with no~l tissue 
there was a fairly vide range. The nodes measured about 1 em. in length, 
were fairly flat, and had a slight concavity on one surface; occassionally 
the node may be more spherical in shape (Fig.la). The color of the nodes 
varied from a light pink to a pearly gra3 but at the hilum of all nodes 
the surface had a gray to black mottled appearance. 
Microscopic Anatomy 
Cortex 
The structural plan for the hamster node was essentially the same as 
that described for other mammals, therefore only a resume will be submitted. 
Figure lb is a low power illustration of the node showing the divisions of 
cortex and medulla. Surro•mding the cortex and forming its outer limite 
is a fibrous capsule that is continuous with the adjacent connective tissue 
that supports the node. Only difference between the hamster capsule and 
that of the human node is that the latter type gives off many more trabe-
culae that penetrate into the cortical tissue. Immediately beneath the 
capsule, but not alwa3s visible, is the marginal or subcapsular sinus 
containing small and medium lymphocytes, granulocytes and reticular cells. 
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Experiment 
and day 
of autopsy 
N/1 
N/2 
N/3 
N/4 
N/5 
N/6 
N/7 
N/8 
N/9 
N/10 
N/11 
N/12 
N/13 
N/14 
N/15 
N/16 
N/17 
N/18 
N/19 
N/20 
TABlE I 
NORMAL GROOS WEIGHTS OF THE SUPERFICIAL CERVICAL NODES 
AND SPLEEN IN NORMAL HAMSTERS 
Weight in milligrams 
Weight of Superficial cervical nodes 
animal in 
grams Sex left Right Spleen 
68 ~ 26.2 30.2 78.7 
72 0 39.3 46.6 100.9 
74 0 36.5 30.4 86.6 
76 0 57.4 46.1 133.2 
88 'I' 36.5 39.4 93.4 
77 'I' 30.4 27.5 109.5 
79 ~ 29.8 33.5 96.7 
82 0 33.6 36.5 107.0 
89 0 28.0 27.2 89.6 
81 0 27.6 28.6 109.0 
74 0 25.0 25.4 111.2 
89 ~ 26.6 29.4 130.0 
93 0 42.7 39.0 100.0 
90 0 26.2 32.0 136.6 
82 ~ 42.2 24.6 115.8 
100 ~ 30.2 27.4 97.8 
102 0 29.2 25.0 69.4 
108 ~ 30.2 33.2 128.0 
100 ~ 21.0 21.0 107.0 
120 0 19.6 21.4 138.0 
X=31.9 X:=31.2 X:=l06.9 
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EXPLANATION OF ILLUSTRATIONS 
la. - Normal nodes and spleen compared with similar organs 
removed from cortisone conditioned hamster, C9/29. Note the 
extreme atrophic effect of the hormone on the organs. 
lb. - Normal superficial cervical node. 
lc. - Node removed from cortisone conditioned hamster, C9/2~ 
Note the extreme reduction of the cortex; the node consists 
almost entirely of medulla. 
ld. - Node removed from cortisone conditioned hamster, CJ/8. 
This section illustrates the sharp separation of the cortex 
from the medulla. 
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Figure 1 
(a) (b) 
(c) (d) 
The cortical tissue is composed primarily of small lymphocytes, 
scattered reticular cells and a small number (2%) of large lymphoid cells, 
that are pyronine positive. Within the cortical area are a varying number 
_o~secolldary cent!rs, llellll_ valcue 8.S per node (Table 2) that range in size 
between 50 and 375 micra at their widest points. In this dissertation the 
terms "secondary center" or "nodule" are equivalent morphologically to the 
"germinal centers" of Fle!D!Ding and the "reaction centers" of Hellman; the 
latter two types were reviewed by Conway (1937) in her excellent article 
on the cyclic changes of the lymphatic nodule. When the secondary centers 
are described the terminology of Maximow will be used, viz.: (a) "small or 
bare center," characterized by its size, about 50 micra in diameter, and 
numerous mitotic cells; (b) "active centers," characterized primarily by 
the corona of dark staining small lymphocytes that surround a lighter 
staining germinal center of pyronine positive lymphocytes and mitotic 
cells; (c) "inactive or waning center" that is extremely light staining in 
comparison to· the surrounding tissue and is composed primarily of reticular 
cells, scattered macrophages, and relatively few lymphocytes. Most of the 
secondary centers of the cortex were of the "active" variety but in the 
early stages of development. 
Medulla 
The resulte of the differential counts are given in Table II. Only 
five types of cells are recorded, the remaining percentages not listed 
refer to small and medium sized lymphocytes. In descending order of oc-
currence are the plasma cells, 1'7%; reticular cells, 8.6%; the large· lym-
phocytes, 6.'7%; granulocytes, 4.5%; and mitotic cells, 1.5%. The medullary 
4.3 
Expt. 
II: day Sex 
N/1 ~ 
N/3 lJ 
N/5 ~ 
N/7 ~ 
N/9 lJ 
N/10 lJ 
N/11 lJ 
N/12 ~ 
N/14 lJ 
N/16 ~ 
TABLE II 
DIFFERENTIAL COUNTS WITHIN THE I!EDULLA. AND OF THE CORTICAL SECONDARY CENTERS 
AND LARGE LIMPHOID EIDIENTS IN NORMAL SUPERFICIAL CERVICAL NODES 
Cortex Medulla 
% 
Secondary large/small % large % reticular % % 
centers lymphocytes lymphocytes plaemaoytes cells lid to sis granulocytes 
11 2.4 9.5 30.0 9.0 1.5 3.o 
10 2.3 6.0 31.5 8.0 1 .. 0 5.0 
13 1.9 10.5 26.5 7.0 2.0 9.0 
4 2.4 6.5 11.0 8.o 2.5 3.5 
6 1.5 2.0 10.0 9.0 0.5 4.0 
5 1.5 6.5 7.5 10.5 0.5 6.0 
19 2.7 4.5 27.0 8.5 1.0 2.0 
3 1.9 9.5 10.5 10.0 1.0 4.0 
14 2.1 8.5 15.0 7.0 2.5 3.0 
3 1.2 3.5 1.0 9.5 2.0 6.0 
x..a.8 ){;:1.9 ){;:6.7 ){;:17.0 X..S.7 X=l.5 ){;:4.5 
E= 
sinuses vary in diameter and normally contain relatively few cells; small 
lymphocytes, reticular cells, and granulocytes. The cords, because of the 
large number of pyronine positive plasma cells, take on a reddish hue. 
Cytology 
~ Lymphocyte or Lymphoid Cell 
Thie cell ranges in size from 8.5 to 12.0 micra in diameter. It has 
a large, almost dark staining nucleus, oval or kidney shaped, with one or 
two distinct nucleoli. The cytoplasm, somewhat foamy looking, forms a 
broad layer that stains distinctly red with pyronine. In all probability, 
this cell is equivalent to the "transi tiona! cell" of Fagraeus, and the 
lymphoblasts, preplasma cells, prolymphocytes, etc. that have been reported 
by a host of investigators. In the cortex I will adopt the "non-committal" 
term ~ ly!llphoid sill used by Scothorne and in the medulla use the term 
large lymphocyte. 
Medium Lymphocyte 
The cell differs principally from ite progenitor, the large lympho-
cyte, in being smaller, 5 to 8.5 micra, and having more chromatin in the 
nucleus, thus taking on a darker stain. In addition, the nucleolus is not 
so evident and there is lese cytoplasm per cello 
~ LYmphocyte 
These cells are most numerous. They have a diameter that is only 3 to 
5 micra and because of the abundance of chromatin and a highly restricted 
amount of cytoplasm that cannot be seen with ordinary stains, the overall 
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appearance of these cells is simply a somewhat circular, dark blue staining 
mass. 
Reticular Cell: 
The distinctive features of this cell are the pale staining nucleus 
(poor in chromatin), small nucleolus, and cytoplasm that does not appear to 
have any limiting membrane. In fact, many times the cytoplasm cannot be 
seen at all because it does not have any inclusions and stains most 
faintly with MGP. The size of these cells is between 7 and 11 micra. In 
the sinuses of abnormal lymph nodes, where they oan be present in great 
numbers, the cytoplasm of the cells forms a syncytium. 
Pl '!!!' £Ua 
The mature plasma cell measures about 6 to 10 micra. The most dis-
tinguishing characteristic is that the chromatin material is arranged in 
clumpe around the periphery of the nucleus giving the nucleus a "cart-
wheel" effect. In addition, the nucleus is eccentrically placed and is 
separated from the mass of cytoplasa by a "perinuclear" clear area. The 
cytoplasm staiiiB a bright red with MGP. 
Granulocytes 
These cells have a kidney shaped, lobulated or doughnut shaped nu-
cleus. The cytoplasm contains many dark staining granules. 
Mitotic Cells 
These cells appear in any of the various stages of cellular division. 
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Response to Cortisone Conditioning 
Following cortisone acetate conditioning for 29 days ~nd a total 
of 9 injections ( Ta1ole III), there was a I~Brked reduction in the 
weights of cervical nodes (60~) and spleen (38%)('lg. la). The overall 
picture was one of decreased activity, a shift in the cellular popu-
lation percentages, and shrinkage of the cells. The onl;r notac1le ex-
ceptions to the decline exhihi ted b:,- most of the components were (1) 
the tremendous increase in granulocytes, an average of 4t times above 
normal and individual increases at the close of the experiment of 12~ 
times above normal and (2) the plasmacyte count which ''as slightly 
above normal. However, the plasmacyte statistics showed that initially 
there was a sharp increase in plasmacytes, as high as sod, but as the 
cortisone treatment progressed, plasmacytosis was also inhi'oi ted by 
the hormone. Animals C8/28 and C9/29 that terminated the experiment, 
had plasma ceU counts of 8% and 3% respectively; both percentages 
considerably belm1 the averages reported for the normals. 
Structurally, the greatest alterations ''ere observed in the re-
duction of the cortex and the corresponding proportional increase in 
the medulla. ~y the end of the experiment, the nodes consisted almost 
entirely of medulJa (Fig. lc). The hormone also produced a sharp 
demarcation between the cortex and the medulla (Pig. ld); in the normal 
nodes the medullary cords extended peripherally into the cortical zone. 
That the activity of the node is affected by cortisone can be seen 
in the reduction of secondary nodules. The inhi':li tion of reactivity 
was even more impressive upon histological examination of these centers, 
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TABlE III 
RESPONSE OF HAMSTERS TO CORTISOOE CONDITIOOING 
Superficial Cervical Nodes 
Cortex Medulla 
Body Weight in mg. Sscon- % %large 
" " Expt. wt, in dary large/small lympho- plasma- reticular 
&: day Sex gms. Spleen Left Right centers lymphocytes cytes cytes cells 
-
Cl/l 0 88 90 24.5 20.3 7 0,6 3.5 31.0 14.0 
Cl/2 0 87 77 17.1 16,2 5 0.6 6,0 29.0 5.0 
Cl/3 0 98 84 20,6 18.4 ll 1,0 6,0 2e.;o 7.0 
C2/4 ~ 61 42 11.7 19.4 5 1.6 12,0 20.0 9.5 
C2/6 ~ 63 66 23.9 13.7 4 1.3 3.0 16,0 12,0 
C2/7 ~ 50 62 17.4 13.1 l 1.3 2.5 16.5 14.5 
C3/8 'i' 64 62 13.1 12.1 7 1.8 5.0 21.0 12.0 
C4/l0 ~ 66 63 16.3 9.7 5 1.4 3.0 20,0 13.0 
C4/l4 ~ 82 68 12.7 ll.l 5 1,0 5.5 15.5 6.5 
C6/l8 0 75 140 5.7 8,2 4 l,O 4.0 18,5 8.5 
C6/2l 0 65 51 10.7 7.4 5 1,2 4.5 14.0 9.5 
C7/22 0 eo 74 6,0 6.3 5 1.2 2.5 12.0 9.5 
C8/28 ~ 67 50 9.2 8,2 6 0.8 4.0 8.0 10.0 
C9/29 ~ 58 72 5.9 8,6 1 0,5 1.0 3.0 12.0 
L=71.5 ](,:12.3 X..5,l L=l.l 1{;:4.4 X..l8.5 X..l0,2 
L=l3.9 
% 
" granulo-mitoses cytes 
0.5 3.5 
1.5 10,0 
2,0 10,0 
2,0 14.5 
2.0 5.0 
1,0 li.O 
1,0 u.o 
2.0 10,0 
1,5 31.0 
l,O 35.0 
1,0 30.5 
0.5 34.5 
2.0 38.0 
o.o 51.0 
L=1.3 X..20,7 
l=" 
0> 
for most of the centers present were of the "waning" or "terminal" 
type. For example, CJ/8, seven centers were reported, but of these 
seven only two could be considered 11acti ve", and even these t>ro centers 
could not be classified as "highly active". 
Finally, the last pertinent variation <ras the 50% decrease in 
large l;:rmphoid cells of the cortex. This is a conservative evaluation 
in the decrease of the large basophilic cells. Because of the extreme 
shrinkage of the cortex, the counting of cells became very difficult 
and even the faintest suggestion of a pyronine, positive cell was 
counted as a large lymphoid cell. 
Response to an Inert Cellulose Sponge 
The overall response of the hamsters to the grafting of a sponge 
in the left cheek pouch was remarkably slight (Table IV). Even the 
mild hyperplasia exhibited by the cervical nodes and the spleen is 
minimized by the realization that the mean weights lie •ithin the range 
of the normal mean 1ieights. Tn addition, the non-regional nodes out-
weighed the regional nodes. Only the secondary centers shm·red an ap-
preciable increase in both the regional and non-regional nodes; 701 and 
57% respectively. 
The medulla likewise appeared normal. There wasn't any increase 
in pyronine accumulations; the differential cell counts were normal or 
even slightly below the normal means; the sinuses 1-rere not dilated and 
they contained relatively few cells. 
For the first three days, the cheek pouches at the site of im-
plantation of the cellulose sponge displayed a slight degree of 
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Expt. 
&day 
Sp/1 
Sp/2 
Sp/3 
Sp/6 
Sp/7 
Sp/8 
Sp/10 
Sp/14 
TABlE IV 
RESPONSE OF ROOTERS TO AN INERT CELLULOOE SPONGE TRANSPLANTED 
INTO THE lEFT CHEEK POUCH 
Weight in milligrams 
Body Cervical nodes Expt. wt. in 
&day Sex gJDB. left Right Spleen 
Sp/1 ~ 80 50.0 46.0 124 
Sp/2 ~ 71 36.0 37.8 122 
Sp/3 ~ 80 27.3 26.3 156 
Sp/6 0 78 38.6 34.6 134 
Sp/7 0 86. 25.0 30.6 128 
Sp/8 ~ 82 31.0 48.0 170 
Sp/10 ~ 93 40.0 45.6 109 
Sp/14 2 80 30.5 31.8 101 
X=34.8 X=37.5 X=l30 
Superficial Cervical Nodes 
Cortex Medulla 
Secondary % large/small '/&large % plasmacytes 
centers lymphocytes lymphocytes 
left Right left Right left Right left Right 
37 14 1.9 2.0 8.5 11.0 23.5 21.5 
17 18 1.7 2.8 9.0 8.0 25.0 37.0 
10 14 1.0 1.4 9.0 10.5 18.0 11.0 
13 12 1.0 1.2 9.5 8.5 13.5 11.5 
13 12 2.6 1.6 8.o 7.0 18.5 7.5 
12 14 1.8 o.8 12.0 6.5 13.0 15.5 
9 14 1.4 1.4 6,5 7.5 14.0 10.5 
10 11 1.3 1.2 8,5 s.o 14.0 15.0 
X=l5.0 X=l3.6 X=l.6 X=1.6 X=8,8 X=B.3 X=17.4 X=l6.2 
50 
inflammation; even this localized, mild reaction >i'as absent in the 
remainder of the experimental animals. 
Response to Hamster and Human Adult !-"uscle Tissues 
The data of Tables V and VI indicated that adult homologous and 
heterologous tissues evoked no significant morpholosical response in 
the lymphatic tissue of the hamster. The only variations from the 
norm that the hamsters in both these experiments exhibited were similar 
to that observed 1i'hen the inert spongE <Tas transplanted; namely, a 
weak hyperplasia of the cervical nodes and spleen and an increase in 
the number of seconda!"'J centers. 
Hi.croscopic examination of the transplant area Has negative. A 
localized edema and discoloration were found at the implantation site 
for the first three days. 
Response to Hamster and Human 
Muscle Tissues plus Cortisone 
The priming of the hamster with cortisone proved to be of no 
value in the transplantation of adult normal tissues because in 
neither experiment did any of the grafts shaH evidence of erowth. The 
statistics compiled in Tables VII nnd VIII indicated that the regional 
node behaved quite the same as the contralateral nodes; in the "HC" 
experiment the mean weights of the regional nodes and the non-regional 
nodes were 20.4 mg. and 20.7 mg. respectively. In addition, the data 
in these experiments follow the pattern as seen in the experiment where 
the hamsters were subjected to cortisone alone. For example, at the 
E:z:pt. 
&day 
BM/1 
HM/2 
!IM/3 
BM/6 
BM/8 
BM/10 
BM/14 
TABlE V 
RESPONSE OF HAMSTERS TO HOMOLOGOUS MUSCLE TISSUE TRANSPLANTED 
INTO THE LEFT CHEEK POUCH 
Weight in milligrams 
Body Cervical nodes 
E:z:pt. wt, in 
&day Sex gms, Left Right Spleen 
BM/1 !? 59 34.4 31.7 70 
HM/2 !? 63 31.2 27.4 56 
HM/3 !? 61 36.7 39.3 llO 
BM/6 !? 67 38.1 31.6 115 
BM/8 !? 67 29.8 43.7 128 
BM/10 !? 78 30.7 36.8 103 
HM/14 !? 68 36.0 35.2 104 
X.:33.8 X.:35.1 X.: 98 
Superficial Cervical Nodes 
Cortex Medulla 
%large Secondary % large/small 
centers lymphocytes lymphocytes % plasmacytee 
Left Right Left Right Left Right Left Right 
8 5 1.9 1.3 4.5 5.0 15.5 15.0 
11 12 1.3 1.3 6,0 8.5 17.5 15.5 
10 12 1.5 3.1 7.0 6.5 12,0 10.5 
18 7 3.6 2.1 7.5 9.5 17,0 18,0 
10 7 1.4 1.4 5.0 3.5 14.0 16,0 
10 13 1.5 1,1 7.0 5.0 16.5 15.5 
8 7 1.3 1.2 6,0 8.5 17.0 17.5 
X..10.6 x;.g X..l.6 X.:1.6 X.:6,1 L=6.6 X.:15.7 X=15.4 
52 
Expt. 
&day 
M/1 
M/2 
M/3 
M/5 
M/6 
M/8 
M/10 
M/14 
Expt. 
&: day 
M/1 
M/2 
M/3 
M/5 
M/6 
M/8 
M/10 
M/14 
TABlE VI 
RESPONSE OF HAMSTERS TO HUMAN MUSClE TRANSPLANTED 
INTO THE LEFT CHEEK POUCH 
Weight in milligrams 
Body Cervical nodes 
vt. in 
Sex gms. left Right Spleen 
!i' 79 37.2 38.6 154 
0 73 :n.o 39.6 130 
0 70 25.8 36.0 117 
!i' 65 45.0 45.2 136 
0 75 36.0 42.4 97 
0 70 58.0 44.6 117 
!i' 65 21.0 46.0 200 
!i' 71 44.0 54.0 93 
L=37.5 L=43.3 L=l30.5 
Superficial Cervical Nodes 
Cortex Medulla 
Secondary %large % large/ Blll8.11 
centers lymphocytes lymphocytes % plasmacytes 
left Right left Right left Right Left Right 
15 22 1.9 1.5 2.0 7.0 12.5 13.5 
18 26 1.6 1.2 9.0 6.5 18.5 16.0 
15 9 1.8 1.0 11.5 7.0 15.0 15.5 
7 14 2.3 1.3 8.5 6.0 16.0 15.5 
24 7 3.3 0.9 7.0 4.5 11.0 11.0 
21 19 1.1 1.8 4.0 4.0 10.5 12.5 
4 4 1.3 1.5 4.5 6.0 17.0 17.5 
11 14 2.4 1.1 6.5 3.5 15.0 13.0 
L=l4.4 L=l4.4 L=l.9 L=l.4 L=6.6 L=5.6 L=14.4 L=l4.3 
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TABlE VII 
RESPONSE OF HAMSTERS TO HOMOLOOOUS MUSCLE TRANSPLANTED INTO THE LEFT CHEEK 
POUCH COINCIDENTAL wiTH CORTISONE CONDITIONING 
Weight in milligrams 
Body Cervical nodes 
Expt. wt. in 
&:day Sex gms. Left Right Spleen 
HMCl/1 6 61 31.0 31.5 93 
HMCl/2 ~ 60 28.7 29,0 60 
HMCl/3 ~ 56 19.2 16.6 57 
HMC2/6 0 51 14.4 16.2 50 
HMC3/8 6 53 9.0 8.5 47 
HMC3/10 ~ 56 15.4 11.4 43 
HMC4/14 ~ 60 9.8 8.8 43 
lt;=l8.2 X=l7.4 X=56.1 
Superficial Cervical Nodes 
Cortex Medulla 
Secondary % large/ small %large 
% plasmacytes Expt, centers lymphocytes lymphocytes 
&day Left Right Left Right Left Right Left Right 
HMCl/1 8 8 1.6 1.4 7.0 7.0 18 17 
HMCl/2 5 5 0.5 0.6 7.0 6.5 8 11 
HMC1/3 2 6 0,2 0.9 11.0 9.0 9 11 
HMC2/6 4 5 0.8 1.7 3.0 7.5 6 8 
HMC3/8 4 3 0.7 1.2 2.0 3.0 12 8 
HMC3/10 3 1 0.4 0.5 6,0 5.0 14 10 
HMC3/14 4 4 1.0 1.2 3.0 3.0 14 13 
X;.4.2 X;.4.5 X;.0.7 X;.l.O lt;=5.5 X=5.8 X=ll.5 lt;=ll,l 
TABLE VIII 
RESPONSE OF HAMSTERS TO HUMAN MUSClE TRANSPLANTED INTO THE LEFT CHEEK 
POUCH COINCIDENTAL WITH CORTISONE CONDITIONING 
Weight in milligrams 
Body Cervical nodes 
Expt. wt. in 
&:day Sex gme. Left Right Spleen 
MCl/1 ~ 67 33.0 32.8 7l 
MCl/2 0 77 28.2 28.5 109 
MCl/3 0 69 2'7.5 23.9 63 
MC2/6 0 75 15.8 18.2 123 
MC3/8 0 68 14.2 12.7 49 
MC3/10 0 75 15.8 16.5 62 
MC4/14 0 80 10.4 10.4 99 
~20.7 ~20.4 ~2 
Superficial Cervical Nodes 
Cortex Medulla 
Secondary % large/small 
"' large Expt. centers lymphocytes lymphocytes % plasmacytes 
&day Left Right Left Right Left Right Left Right 
MCl/1 21 . 26 2.4 1.5 6.0 11.0 4.0 2.5 
MCl/2 6 6 0.6 0,6 5.0 4.0 3.0 3.5 
MCl/3 7 10 0.8 1.1 6.0 5.5 2.0 3.0 
MC2/6 8 12 0.5 0.8 3.0 6.0 3.5 3.0 
MC3/8 6 8 0.3 0.5 4.0 9.0 7.0 5.5 
MC3/10 4 5 0.4 0.4 6.0 5.5 4.5 3.5 
MC4/l4 3 2 0.8 0.8 4.5 6,0 4.0 4.0 
~7.9 X...-9.9 ~.8 ~.8 ~.9 'X.:6.7 ~.o X=3,6 
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end of 14 days, the mean weight of the left superficial cervical nodes 
from experiment "!l}X::" and the mean weight of comparable nodes from 
experiment "C" •·rere 18.2 mg. and 17.3 mg. respectively. 
The differential counts in the medulla also bears out the striking 
similarity of response among all cortisone treated hamsters receiving 
a homograft, heterograft, or no graft of normal tissues. The only 
deviation was observed in the plasmacyte response, in that those hamsters 
that received a graft had an earlier decrease in plasma cells than the 
cortisone control group. 
Hone of the tissues transplanted remained viable. The sites in 
the pouch ••here the tissues were transferred Here marked by a very 
slight edema and opaqueness. 
Response to E=.an Tumor 
As in all of the experiments Hhere the hamsters received no cor-
tisone conditionil'.g, the major changes from the normal Here encountered 
in the hyperplasia of the lymphatic tissues and in the incrzase of 
secondary centers (Table IX). The Heights of the regional node, contra-
lateral node, and spleen increased about 50%, 33% and 43~ respectively. 
The increase in seconda~J centers was almost 200% on the operated side 
and almost 100% on the opposite side. 
There appeared to be a response to the hetrotransplants of 
malignant tissue per ~· for the data showed a greater variation on 
the regional node side than for the opposite side. 
\Vi thin the cortex the greatest alterations crere observed in the 
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Expt. 
& day 
T/1 
T/2 
T/3 
T/6 
T/7 
T/8 
T/9 
T/10 
T/12 
T/14 
T/21 
T/22 
Expt. 
&day 
T/1 
T/2 
T/3 
T/6 
T/7 
T/8 
T/9 
T/10 
T/12 
T/14 
T/21 
T/22 
TABlE IX 
RESPONSE OF HAMSTERS TO A IIUMAN TUMOR (AMELAN<W. MELANO¥lA) 
TRANSPLANTED INTO THE LEFT CHEEK POUCH 
Weight in milligrams 
Body Cervical nodes Remarks 
vt. in 
Sex gms. Left Right Spleen 
0 76 32.4 24.0 109 No growth 
0 75 39.4 36.6 111 No growth 
0 83 36,6 41.4 123 No growth 
0 90 41.4 39.2 140 Mosaic* 
0 89 59.2 42.2 167 Mosaic* 
0 89 53.0 42.2 132 Mosaic* 
~ 85 51.0 41.2 170 No growth 
!j! 91 50.0 46.2 179 No growth 
~ 70 52.4 46.8 147 No growth 
~ 80 50.2 52.0 199 No growth 
~ 80 40.2 42.0 168 No growth 
~ 83 46.2 39.0 180 No growth 
~6.0 ~1.1 ~152 
*Tumor cells, WBC, RBC. 
Superficial Cervical Nodes 
Cortex Medulla 
Secondary % large/small %large 
centers lymphocytes lymphocytes % plasmacytee 
Left Right Left Right Left Right Left Right 
27 14 :M 2.9 13 11 21 25 
27 16 1.7 2.2 13 17 32 25 
31 18 3.3 3.7 18 13 25 21 
27 11 1.1 1.3 11 15 37 24 
20 10 2.7 1.1 9 6 27 11 
58 22 3.0 1.9 11 6 33 30 
21 21 1.7 1.6 10 10 16 18 
19 10 1.3 2.5 15 6 17 21 
21 22 1.1 1.5 10 16 27 22 
25 20 1.1 1.3 7 4 26 16 
28 19 1.4 1.1 8 5 19 19 
10 9 0.9 0.6 5 10 8 13 
~26.2 X.:l6.2 lC;=l,B X=l.B l{;=10.l X=9.9 ~ 24.0 X=20.3 
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increased area of the cortical zone and the increase of secondary 
centers (Fig. 2a). However, the large lymphoid cells did not respond, 
in that the number of large lymphoid cells to small lymphocytes r.ras 
1.8% on the operated side and the same on the other side; the normal 
was computed as 1.8::: - 2.0%. Hamsters T/1, T/2 and T/3 did display 
signs of lymphocytopoiesis in the cortex uhich mie:ht have represented 
an early response to the graft. 
A parallel change also occurred in the medulla where there 
was a distinct increase in the pyronine reaction, an increase in the 
size of the medullary cords, and a dilatation of the sinuses filled 
with many types of lymphatic cells. The increase of pyronine positive 
cells in the medulla was not restricted to the L1rge lymphocyte and 
plasma cell; part was due to the increase in the medium sized lympho-
cyte (see Figures 2b and 2c for com!)arisen of a normal medulla ,,n_ th a 
medulla from hamster T/6). 
Histological examimtions shm<ed that none of the human tumors 
grm-;. Slides of the cheek pouches of hamsters T/1, T/2 and T/3 had 
a few isolated clumps of tumor cells. Transplantation sites from 
hamsters between three and eight days 1-rere marked '·Ji th a mosaic of blood 
cells, a few tumor cells and connective tissue elements. All other 
slides were negative. 
Response to Puman Tumor plus Co1tisone 
1-lhat 1;as written in the preceedil11'" pages for aey experin:ent 
where cortisone 1-ras used could be repeated for this experiment almost 
verbatim. 11ith one exception, there did not appear to be oey chane:es 
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EXPLANATION OF ILLUSTRATIONS 
2a, - T/8 left; regional node draining the cheek pouch 
implanted with a human tumor 8 days postoperative. The 
cortex contains many highly active secondary centers and the 
sinuses have an abnormal number of cells. 
2b. - Medulla of a normal node 
2c, - T/8 left; medulla of the regional node draining 
the cheek pouch implanted with a human tumor. Compare with 
Figure 2b; note the darker staining medullary cords due to 
the increase of pyronine positive plasma cells. 
2d. - T/8 left; highly active germinal center in the 
cortex of a regional node draining the cheek pouch 
implanted with a human tumor, There are at least 40 mitotic 
cells within the center. Large lymphoid cells can be 
observed around the peripheral portions of the nodule, 
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Figure 2 
(a) (b) 
(c) (d) 
induced in the lymphatic tissues by the grafting of 2 hllll'E.n tm~or 
plus cortisone that could not be accounted for by the hormone 
alone (Table X), The one exception was that the percentage of the 
large to small lymphocyte in this experiment ~·ras 1.3 t·lhereas in the 
other transplnnt experiments with cortisone ( 11 110 11 and 11 HJ.lC 11 ), this 
percentage Has about 0. 75, This represented a 70% increase and 
suggested that the large l:nnphoid cells of the "TC" cervical nodes 
responded to the groHing tumor, Hcmever, there are tHo points of 
information that might make this speculation on the larr:e lymphoid 
response unnecessarr. One, both the regional nodes ond the opposite 
nodes have approximately the same number of larce l"~phoid cells (1,3%) 
and one trould expect that the regional node would display a greater re-
sponse to the antigenicity of the tumor than the contralateral node. 
Two, the cortisone controls shoo a large lymphoid cell population in 
the cortex in the order of 1.1 <t,, thus the increase (about 18%) is not 
as significant. 
Only gross observations were made on the cheek pouches and the 
tumor heterotransplants, For the first >·leek the tumors Here too small 
to evaluate but from the 7th day on the tumors Here Ja rge enough to 
measure and evaluate, By the end of the second t<eek the tumors Here 
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0.25 em. in size; at the end of the third t;eek about OJ.1Cl em.; at the end 
of the 4th ''eek and of the experiment, the tumors meas,tred about 0, 75 em. 
Response to a Ha;ns ter Tumor 
Of all the experiments performed in this stuc~ of the hamster 
TABlE X 
RESPONSE OF HAMSTERS TO A HUMAN TUMOR (AMELANOO MELANOMA) TRA."'SPLANTED 
INTO THE LEFT CHEEK POUCH COINCIDENTAL WITH CORTISONE CONDITIONING 
Weight in milligrams 
Body Cervical nodes Remarks 
Expt. wt. in 
&:day Sex gms. left Right Spleen 
TCl/1 0 75 22.5 22.8 81 No growth 
TCl/2 ~ 74 36.7 29.0 61 No growth 
TCl/3 0 76 12.5 22.4 54 No growth 
TC2/6 0 81 14.9 24.4 88 No growth 
TC2/7 0 70 36.6 39.0 99 No growth 
TC3/8 0 71 20.8 25.8 74 Tumor: minute opaque 
disc 
TC4/10 ~ 74 16.9 14.5 50 Residual tissue only; 
opaque disc 
TC4/14 ~ 77 18.0 19.4 84 Tumor: 22 mm. 
TC6/18 ~ 80 7.6 14.2 49 Tumor: 25 mm. 
TC6/21 ~ 75 7.3 5.9 58 Tumor: 25 mm. 
TC7/22 ~ 69 12.5 30.0 81 Tumor: 45 mm. 
TCB/28 0 77 7.0 13.5 53 Tumor: 80 mm. 
:X,.,l7.8 X..21.7 .lt=69 
Superficial Cervical Nodes 
Cortex Medulla 
Secondary % large/small %large 
Expt. centers lymphocytes lymphocytes % plasmacytes 
II: day left Right left light left Right left Right 
TCl/1 4 6 0.6 2.7 6.5 6.0 10.5 11.0 
TCl/2 3 1 1.0 0.6 3.0 2.0 10.0 12.0 
TCl/3 19 18 1.3 2.0 2.5 3.5 9.5 7.5 
TC2/6 7 13 0.9 1.6 2.0 10.0 27.5 8.0 
TC3/8 3 7 1.2 2.8 4.5 9.0 5.0 2.0 
TC4/10 3 4 1.1 1.1 6.0 6.5 4.5 5.0 
TC4/14 2 1 0.8 0.6 5.0 8.0 6.5 6.0 
TC6/18 1 1 0.7 0.2 3.0 2.5 13.0 6.5 
TC6/21 1 1 0.8 0.8 2.5 2.0 15.5 13.5 
TC7/22 2 2 2.0 1.2 1.5 2.5 18.0 12.5 
TC8/28 2 5 0.8 1.6 5.0 11.0 13.0 9.5 
Jt.=4.3 X.. 5.4 X=1.1 X=l.3 X=3.8 X=5.7 X=12.1 X=B.5 
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lymphatic tissue, the homotransplant of malignant tissue was the only 
example where a tissue evoked an unequivocal response in the node 
draining the site of the transplant (Table XI). Horeover, in three 
important areas - the weight of the nodes, the number of secondary 
centers, and the percent of large lymphoid cells - the means obtained 
from the counts of the regional nodes were almost 2 times greater 
than the means computed from counts on the contralaternl nodes. There 
were specific animals in the series that displsyed even greater dif-
ferences. For example, a comparison of the brge lymphoid cell response 
in hamsters HT/28 shows that the ipsilateral nodes responded 9 times 
more than the contralateral nodes. Thus the res'll ts S'1pport a pre-
viously stated conclusion that the superficial cervical nodes were the 
important nodes involved in the lymphatic drainage of the cheek pouches. 
The degree of reaction of the rer,ional nodes is more dramatically 
illustrated when compared with the normal statistics and then observed 
in terms of percentage incrr;ases. The weights of the nodes increased 
227%; the large lymphoid cells increased 147%; the plasma cells in-
creased 115%. 
The large lymphocytes of the medulla did not increase in number. 
However, this observation can be questioned. One of the responses of 
the medullary cords not reported in Table XI was an appreciable increase 
of pyronine positive, medium, sized lymphocytes at ~he expense of the 
small lymphocyte. In any analysis 1-there one of the criteria is hased 
upon size, and the size is measured by the unaided eye, there is a 
strong possibili VJ of error. Hhen does a large lymphocyte stop being 
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Expt. 
&day 
HT/1 
HT/6 
HT/8 
HT/10 
HT/12 
HT/14 
HT/28 
HT/32 
HT/34 
HT/38 
HT/42 
Expt. 
&day 
HT/1 
HT/6 
HT/8 
HT/10 
HT/12 
HT/14 
HT/28 
HT/32 
HT/34 
HT/38 
HT/42 
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TABLE XI 
RESPONSE OF HAMSTERS TO AN HOMOLOOOUS TUMOR (AMELANOMA MELANOMA) 
TRANSPLANTED INTO THE LEF'J.' CEEElK POUCH 
Weight in milligrBIDS 
Body Cervical nodes Remarks 
wt. in 
Sex gms. Left Right Spleen 
I! 76 43.9 50.4 100 Just a spot in the pouch 
I! 80 36.0 25.0 158 Tumor negligible; opaque 
area 
6 77 29.0 30.2 131 Tumor: 10 mm. 
I! 81 56.4 25.2 138 Tumor: 3 masses, each 10 mm. 
I! 80 45.8 36.0 148 Tumor: 3 masses, each 10 mm. 
0 81 43.2 36.6 166 Tumor: 2 masses, each 20 mm. 
one mass, 30 mm. 
I! 105 97.4 33.8 234 Tumor: 30 mm., ulcerating 
6 94 69.6 38.4 259 Tumor: 30 mm., ulcerating 
I! 86 52.0 23.8 185 Tumor: 25 mm., ulcerating 
0 113 156.0 60.0 494 Tumor: 45 mm., ulcerating 
6 105 70.0 48.2 190 Tumor: 10 mm., ulcerating 
X=63.0 X:=37 .9 :X:..200 30 mm., ulcerating 
Superficial Cervical Nodes 
Cortex Medulla 
Secondary % large/small %large 
% plasmacytee centers lymphocytes lymphocytes 
Left Right Left Right Left Right Left Right 
32 39 2.5 3.8 5.0 4.0 18 13 
39 3 4.2 1.5 10.0 10.0 28 20 
38 19 2.8 3.3 8.5 4.0 23 20 
22 22 5.3 4.7 2.5 3-5 31 31 
23 21 3.5 3.0 5.0 6.5 44 32 
23 17 3.4 2.2 5.0 11.0 57 41 
26 20 9.2 0.9 4.0 11.5 35 19 
23 24 4.5 1.7 11.0 9o5 42 39 
20 15 3.9 4.1 9.5 6.0 46 55 
35 14 6.6 3.5 5.5 7.0 44 35 
32 24 6.2 4.1 5.5 7.5 44 45 
x..2a. 5 X=l9 .a X:=4.7 X:=2.9 X=6.5 X:=7 .3 X=37.5 X:=3l.B 
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a large lymphocyte and mature into a medium sized lymphocyte? In the 
section on 'lormal Histology it was reported that the size ranges of the 
large lymphocyte and the medium lymphocyte overlap. nevertheless, even 
if there were no experimental error and the large lymphocyte population 
of the medulla remained unaffected by the tumor transplant, the histo-
logical examination showed a definite increase in pyronine positive cells 
of the medulla, and this increase of basophilic cytoplasm was not re-
stricted to the plasma cells but included one of the larger ~~Embers of 
the lymphocyte series. 
In summary, the regional nodes of the hamsters shm;ed definite 
morphological changes. The most consistent change, even noticeable 
under low magnification, was the increase of pyronine positive cells 
in the highly active secondary centers, in the cortical tissue, and 
in the medullary cords. The increases of the cortical zone, the hyper-
plasia of the medullary cords, the filling of the mec1ullary sinuses 
1d th a variety of cells were evident in many nodes but not invariably 
present. The greatest increases in hyperplasia, large lymphoid cells, 
and plasma cells were generally observed towards the end of the first 
month. It is of interest to note that the tumors, which grew steadily 
to a size of about 3 em., began to ulcerate by the 28th day. That the 
contralateral nodes showed signs of a mild response to the hamster 
tumors transplanted suggested that the antigens were circulating in the 
blood and/or there was a cross drainage bet1;een the right-left cheek 
pouches and superficial cervical nodes. 
DISCUSSION 
From the data presented on the normal histology of the hamster 
lymphatic tissues, there is no indication that the normal superficial 
cervical nodes of the hamster are unique. The structural frame1wrk of 
the node, the tvPes of cells, the morphology of these cells and their 
relative percentages follow a pattern similar to the normal his to logy 
described for other common laboratory animals. 1'/hatever species speci-
ficities that exists, e.g. the relatively few trabeculae, are of a 
minor nat,1re and not relevant to the problem. It is important to empha-
size that in the control nodes the large lymphoid cells are found in 
relatively small numbers. In fact, there are large areas of diffuse 
cortical tissue where large lymphoid cells are so rare that the per-
centage of large to small lymphocytes is less than 0.05. 
The extreme ranges that are reported (plasma cells, 1% - 30% 
and secondary centers, 4 centers - 19 centers) are common to mammalian 
lymphopoietic tissue and merely serves to emphasize the sensitivity of 
this major defense mechanism of the body. Herein lies a major diffi-
culty in utilizing the lymphatic tissues for evidence to explain the 
success or failure of a transplant. For lymph nodes, as textbooks now 
describe, are in a perpetual cycle of activity and it is highly improb-
able that all experimental nodes would be at the same level of activity 
at any one particular phase of an experiment. Therefore, one cannot 
expect to find lymphatic tissue (in a series of animals) responding in 
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a uniform manner to a stimulus. 
In the present study, the results from the transplantation of 
adult muscle tissues (experiments "M" and "HM") are on a whole what is 
expected theoretically. The failure of these transplants to elicit a 
lymphatic response is clearly an example of tissue incompatability. 
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There is a sligpt weigpt increase of the cervical nodes and in the number 
of secondary centers. However, these variations !rom the norm (Table XII) 
are not considered significant !or the following reasons: (1) the 
weigpt of the non-regional node is essentially the same as the regional 
node; (2) the spleen does not increase in weigpt, (3) the results of 
these two experiments are strikingly similar to the results obtained 
from the control experiment where a sponge was transplanted into the 
cheek pouch. Even in the latter experiment (Tables IV and XII) there 
is a superficial increase in the weigpt of the node and the number of 
secondary centers. This reaction in the "SP" experiment indicates 
that the implantation procedure and the ensuing inflammation are res-
ponsible !or the lymphatic change. Therefore, the deviations in the 
node weights and secondary centers that the "M" and 11 HM" hamsters exhibit 
may be attributed to the operational procedure. In all of the three 
experiments, "M", "HM" and "SP", the cervical nodes are essentially 
similar to the normal, even with the sligpt variations reported. Any 
of these nodes could be utilized as an example of a typical, normal 
cervical node. 
The results recorded in Table III, the cortisone control ("C") 
are consistent with the literature indicating that the adrenal cortex 
TABlE XII 
C()Ml'(l)ITE TABlE OF ALL EXPERIMENTAL MEANS 
Superficial Cervical Nodes 
Weight in milligrams Secondary '/o large/small 
centers lymphocytes 
Treatment Spleen left Right left Right left light 
Normal 106 31.7 8,7 1,9 
Cortisone 71 13.1 5.1 1.1 
Sponge 130 34.8 37.5 15.0 13.6 1,6 1,6 
Hamster Muscle 98 33.8 35.1 10,6 9.0 1,6 1,6 
Human Muscle 130 37.5 43.3 14.4 14.4 1.9 1.4 
Hamster Muscle 56 18,2 17.4 4.2 4.5 0,7 1,0 
plus cortisone 
Human Muscle 82 20,7 20,4 7.9 9.9 o.8 0,8 
plus cortisone 
Human Tumor 152 46.0 41.1 26,2 16,0 1,8 1,8 
Human Tumor 69 17.8 21.7 4.3 5o4 1.3 1.3 
plus cortisone 
Hamster Tumor 200 63.0 37.9 28,5 19.8 4.7 2,9 
'/olarge 
lymphocytes 
left Right 
6,7 
4.4 
8,8 8.3 
6,1 6.6 
6,6 5.6 
5.5 5.8 
4.9 6,7 
10,1 9.9 
3.8 5.7 
6.5 7.3 
'/o 
plaamacytes 
left Right 
17.0 
18.5 
17.4 16,2 
15.7 15.4 
14.4 14.3 
11,5 11,1 
4.0 3.6 
24,0 20.3 
12,1 8.5 
37.5 31.8 
a.. 
__, 
has some control over the lymphatic elements, primarily an inhibitory 
effect. The lymphocytolysis, the extrema atrophy of the nodes (Fig, la), 
and the decrease in pyronine positive, large lymphoid cells are exam-
ples of this control (Table XII). The plasma cells do not appear to 
be inhibited by the honnone, for the mean is slightly higher than the 
mean stated for the normal plasma cell count (Table XII). However, 
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Table III reveals that after the 4th day of injections, there is a de-
cline in the number of plasma cells counted, and, at the close of the 
experiment, the last hamsters in the series, "C9/29", have only a 3% 
plasma cell count. The increase of plasmacytosis that occurs at the beg-
inning of the experiment would account for the high mean value reported. 
No suitable explanation is offered for this brief phenomenon. There is 
the possibility that the initial increase of plasma cells prior to the 
steady decline may not be an atypical phenomenon for the effects of cor-
tisone on plasma cells is not clearly defined, and thus the.y are not as 
predictable as is stated to be the case for other lymphoid elements. For 
example, Teilum et al. (1950) reported that immunized rabbits (formalde-
hyde-killed Pfeiffer bacillus culture) treated with 20 mg. of cortisone 
for 6 days showed a marked regression of the massive accumulation of 
tissue plasma cells. · On the other hand, Craig (1952) concluded that 
adrenocortical activity {cortisone and ACTH) did not inhibit the fonnation 
of the plasma cell series in rabbits that were immunized with a Salmonella 
type antigen. 
The regional and non-regional nodes of the hamsters receiving a 
homo- and heterograft of nonnal tissue plus cortisone ("MC" and "HMC") 
are essentially the same (Table XII). Therefore, it must be concluded 
that these tissues, even with cortisone conditioning, do not "take". 
Gross observations of the grafts also support this conclusion. Tn ad-
di t.ion, these findings are the same in the cortisone controls. The 
minor increases in the weights of the nodes and in the number of se-
condary centers in the grafted animals over those of the cortisone con-
trols are attributable to the fact that the latter hamsters were not 
subjected to the trauma of implantation. This phenomenon 11as explained 
previously in the discussion of experiments 11SP11 , "M" and 11 H'~". 
The experimental nodes taken from hamsters receiving a m2lignant 
heterotransplant plus cortisone conditioning are especially interesting 
because the data derived from them is basicqlly the same as that which 
bas been reported for all of th8 other experiments where cortisone injec-
tions constituted a part of the procedure (Table XII). The similarity is 
evident in spite of the fact that the "TC" hamsters, unlike the hamsters 
in experiments 11C11 , "}'1:: 11 and 11 HM:: 11 , have an actively grmrl.ng tumor in 
their cheek pouches. This is significant in that it indicates that 
cortisone conditioning masks or, in a sense, inhibits any antigenic 
effects the growing tumor might have on the draining node. Because of 
this inhibitory phenomenon, one of the questions posed at the bednning 
of this research may now be answered: namely, that a histological 
picture of lymphatic tissue draining a tumor heterotransplant is an 
undesirable base line for anti-tumor studies if the host is conditioned 
with cortisone. 
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Whether the mechanism of cortisone in prolonYinf! the hetrotrans-
plant survival is due to: (1) reducinc; the power of the graft to elicit 
an il'llllune response (Scothorne, 1956); (2) some S'~ppressing action on 
the connective tissue elements (Toolan, 1958); (3) inhibiting the cells 
associated with antibody production (Crabb, 1951; Heller, 1955; 'l'cir, 
1954) or (4)mporessing any other aspect of tr.e host's resistance, 
could not be determined from these experiments. 
Wrom tr.e results reported in Table XII on the human tumor 
implants in non-conditioned hosts ("T''), it .oppears thnt the trans-
planted tumors per~ stimulated the re~ional nodes. Since the maxi-
mum response is seen in the regional nodes and not in the contralB-
ternl nodes {Fig. 2C and 2D) end since the experimcmtal me.1ns are so 
much greater than the normal, the response is not due to a non-specific 
effect of the operation. '1oreover, the regioml noc1e resDonse occurs 
primarily d<1ring the first eie:ht doys of the experiment, suer··est.ing 
that particles of the tumor must remain viable. If the ch"nges in 
the regional node are due merely to the dead, .foreign tissues, one 
coulcJ expect " similar response Hben the heterolo~ous muscle t,issue 
is transpl2nted. The results of the latter experiment indicate that 
such a response does not occur. :?he histologicol findings also support 
the conchsion that the lArre lymphoid cell and pbsma cell play some 
role in the heterograft reaction d>1ring the pnrior! of' maximum re-
sponse. This conclusion is based upon the calcubtions that the large 
l;ymphoid cells of the ref!ional nodes increase 32'< above the normal 
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whereas the increase of these cells in the non-regional node is only 15~. 
~<'or the snme period of time the plasma cell increase is 7J"f, above the 
normal on the dr~ining side anc. only 35% above the nori!Vll on the opposite 
side. 
The histological response of the regional node of the hamster 
to a tumor homograft 11 HT" (Fig. 3a) is similar to the lymphatic response 
to known antigens and other homotransplants as reported by Albert et al. 
(1954) Andreini et al. (195'5') (';raigmyle et al. (195'8) Ringertz and 
Adamson (19':b) Scothorne (190:6) and Scothorne and !1c"regor (195'4, 195'5). 
Because the non regional nodes (~<'ig. 3b) and the spleen show minor vari-
ations, it is assumed that the homograft "factor" thet arfects there-
gional nodes is not entirely confined to the regional node and that some 
of this "factor" becomes generolly rlistributed, probably by way of the 
systemic circulation, because of the splenic effect. 
The principal histological changes include the increase of 
secondary centers, large lymphoid cells, an·l plasma cells (Fig. 3c and 
3d). That the node is ,qctively synthesizing protein is indicated by the 
immense accumulation of pyronine positive cells in the cortex and the 
medulla. On the basis of these data, it is tentatively concluded that, 
first the ability of the hamster to accept a homograft reac'ily is not clue 
to any "defect" in the immunologiccl response o.' the l;ymphatic tissue 
(this is cons1>tent with the findings of :lillingham) and secondly, the 
large lymphoid cell of the cortex and the plasma cell of the medulla are 
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EXPLANATION OF ILLUSTRATIONS 
)a. - HT/28; regional node draining the cheek pouch 
implanted with an homologous tumor 28 days postoperative. 
There is extreme hyperplasia of the entire node. The cor-
tex is packed with highly active secondary centers. About 
one third of the node is not shown in this figure. 
)b. - HT/28 right; the non-regional node. Note the 
difference in size when compared to the regional node (Ja). 
Jc. - HT/28 left; plasmacytosis of the regional node 
draining the cheek pouch implanted with an homologous 
tumor. 
)d. - HT/28 left; cortex of the regional node 
draining the cheek pouch implanted with an homologous 
tumor. Note the large lymphoid cells within the cortical 
area. Normally within the same area only one large 
lymphoid cell would be present. 
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Figure 3 
(c) (d) 
intimately associated with the host's immune response. 
How do the large lymphoid cell 3nd the plasma cell exert their 
effects and what is their relationship? These questions have not been 
answered by this study or by any recently published investigation. 
However, the results reported in this dissertation, plus the accum-
ulative published data indicate that these two types of cells are not 
only engaged in antibody production but that they function in different 
phases of the some process. A purely speculative explanation of the 
immunological response is stated below. 
The first phase of the response may be considered to occur 
as the antigen courses through the intermediate sinuses of the cortex, 
stimulating the reticular cells to become large lymphoid cells. 
Simultaneously the transformed cells ~<ould produce antibodies. In 
certain instances, where the stimulus is weak, this might be the ex-
tent of the response; thus explaining why in some investigations 
there is a large lymphoid cell response without an appreciable increase 
in the number of plasma cells. In the second phase (the controversial 
phase) the large lymphoid cells may become stem cells and some of these 
may be transformed into plasma cells, thus accounting for the plasma-
cytosis. In addition, some of the anti:,ocy or anti!:lody precursor may 
be released from the large lymphoid cells, thus serving to prime the 
plasma cells to respond to additional antigen circulating through the 
medullary sinuses. This ll'ight account for the large amounts of anti-
':Jody found by Coons et al. (195'5) in the plasma cells of hyperimmunized 
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rabbits, whereas the large lymphoid cells contained a relatively small 
amount. The last concept, the stimulation of the plasma cells to take 
on a new function of antibody production, appears to be a strong possi-
bility in the light of two points of information: (1) the plasma cells 
are part of the normal complement of medullary cells and not found 
solely in a reacting node, and (2) in a recent monograph by Kelsall 
and Crabb (1958) the authors concluded that the "function of the 
plasmacyte is to synthesize and store RNA and gamma globulins, instead 
of having only the delimited function of producing antibodies". 
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Sill-1HARY 
1, The normal histology of the superficial cervic".l nodes and the 
;reight changes and cytological variations of these nodes to homo-
logous and heterologous norlll'!l and malignant tissue transpl:lnts, 
both 1nth and without conditioning with cortisone, were studied in 
the hamster's cheek ponch, 
2. Tile histology of the superfic5.al cervical nodes of the hamster is 
similar to comparable nodes of other 1:1 borator.r animals. 
3. The S'lperficial cervical node is U:e principal draining node of 
the hamster cheek pouch but not the only one. 
4. Transplanted, adult, normal, muscular tissues induce a specific 
response in the regional nodes of neither conditioned nor non-
conditioned hosts. 
5. Cortisone conditioning inhibits any alteration of the re~ional 
lymph nodes that might be induced by a successf'Jlly gro•·ring tumor 
heterotransplant. 
6. Tumor heterotransplants in nonconditioned hamsters evoke a regional 
node response for approxilll'ltely eight days duration, during Hhich 
time there is a slight increase in the ''eights of the regional 
nodes and a slight increase in the number of secondary centers, 
large lymphoid cella, and plasma cells. 
7. Following tumor homotransplantation, the regional nodes respond 
unequivocally and the observed histological changes may be described 
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as a typical histo-imm,mological response. Thus H is concluderl 
that there is no "defect" in the ability of h1mster's lymphatic 
tissue to respond to homotransplantation stimuJD tion. 
8. It is suggestec. that both the large l,'1Tiphoic' eel' and the plasma 
cell are involved in the immunoloV.cal resnonse of' the regional 
node draining either a homo- or heterograft of a r>" ligmnt tissue 
in the hamster cheek pouch. 
76 
Adams, R. A., D. I. Patt and B. R. Lutz. Long term persistence of skin 
hoaaograf'ts in untreated hamsters. Transpl. Bull. _l:41. 1956. 
Adler, s. Origin of the golden hamster, Cricetus auratus, ae a laboratory 
animal • Nature. l§l:256. 1948. 
Albert, s., R. M. Johnson and H. Pinkus. The effect of transplanted and 
spontaneous mouse •a-ary gland carcincmas on lymph nodes. Cancer 
Res. .a:no. 1954. 
Andreini, P., M. L. Drosher and N. Mitchison. Studies on the ilmaunological 
responses to foreign t11110r transplants in the mouse. J. Exper Med. 
102:J.99. 1955. 
Bennet, H. s. and A. A. Shivas. The visualization of lymph nodes and 
vessels by eteyl iodostearate (ANGIOPAC) and its effect on lymphoid 
tissue: A prelillinary radiological and histological study. J. Fac. 
Radiologists. ,2:261. 1954. 
Billingba•, R. E., L. Brent and P. B. Medawar. Quantitative studies on 
tissue transplantation illmunity. II. The origin, strength, and dura-
tion of actively and adoptively acquired ilmaunity. Proc. Roy. Soc. B. 
,Ml:58. 1954. 
Billingham, R. E. and w. H. HildBII&nno Studies of transplantation ilmaunity 
in husters. Ann. N. Y. Acado Sci. .ll:676. 1958. 
Billingham, R. E., P. L. Krohn and P. B. Medawar. Effect of cortisone on 
survival of skin homografts in rabbits. Brit. Med. J • .!,:1157. 1951. 
Billingham, R. E. and w. K. Silvers. Induction of tolerance of skin iso-· 
grafts from male donors in female mice. Science. J1§.:780. 1958. 
Bing, J., A. Fagraeus and B. Thorell. Studies on DUCleic acid •tabolism 
in pla811a cells. Acta Peys. Scand. .!Q:282. 1945. 
Bing, J. and P. Pl1111. Serum proteins in leucopenia. (Contribution on the 
question about the place of foraation of serum protein). Acta Med. 
Soand. ~:415. 1937. 
Bjprneboe, M. E. E. Fischel and H. c. Stcerk. The effect of cortisone and 
adrenocorticotrophic hormone on the concentration of circulating anti-
body. J. E::rper. Med. ,ll:37. 1951. 
77 
Bjprneboe, M., H. Go:nasen and F. lwldquist. Further experimental studies 
on the role of the plasma cells as antibody producers. J. Immunol. 
52_:121. 1947. 
Bruun, s. and A. Erlgerset. Lymphadenograph. Acta Radiol. ji:389. 1956. 
Bunting, C. H. Cell reactions in resistance and 1mmuni ty. Wise. Med. J. 
~:395. 1925. 
Burnet, F. M. and F. Fenner. The Production of Antibodies. Macaillan. 
Melbourne, Australia. 1949. 
Cannorn, P. R. and F. L. Sullivan. Local formation of antibodies by the 
sld.n. Proc. Soc. Exper. Biol. & Med. l2_:517. 1932. 
Castiglione, A. A History of Medicine, Second edition. Alfred A. Knopf. 
New York. 1947. 
Chase, J. H., A. White and T. F. Dougherty. The enhancement of circulating 
antibody concentration by adrenal cortical hol'lllones. J. Immunol. 
£:101. 1946. 
Connective Tissue in Health and Disease. C. Asboe-Hansen, Ed. 
Philosophical Library, New York. 1957. 
Conway, E. Cyclic challges in lymphatic nodules. Anat. Reo • .§2,:487. 1937. 
Coone, A. H., E. H. Leduc and J. M. Connely. Leukocytes involved in anti-
body formation. Ann. N. Y. Acad. Sci. .2l,:951. 1955. 
Crabb, E. D. and M. A. Kelsall. Effect of cortisone on growth of a mixed 
cell sarcoma in the buster. Cancer Res. 11:243. 1951. 
Craddock, C. G. and J. s. Lawrence. The effect of roentgen irradiation on 
antibody formation in rabbits. J. huaunol • .2Q.:241. 1948. 
Craig, J. M. The histology of antigenically sti.llul.ated lymph nodes in 
rabbits given ACTH or ACH (cortisone). Allier. J. Path. ~:629. 1952. 
Craipyle, M. B. Regional lylaph node changes induced by cartilage hoao-
and heterograft& in rabbits. J. Anat~ ~:74. 1958. 
Dougherty, T. F. Some obsenations on the aechanism of corticosteroid 
aotion on infl-tien and ~logical processes. .um. N. Y. Acad. 
Sci. .2§.:748. 1953. 
Dougherty, T. F., R. Begler, G. L. Schneebeli and H. Salhonic. On the 
localization of steroid hol'lllones in connective tissue. Ann. N. Y. 
Acado Sci. ,2!:463. 1956. 
78 
Dougherty, T, F,, J, H. Chase and A. White, The demonstration of anti-
bodies in lymphocytes, Proc. Soc. Exper, Bi.ol, & Med, .21,:295. 1944. 
Dougherty, T, F, and G. L, Schneebeli, Bole of cortisone in regulation 
of inflammation, Proc. Soc, Exper. Biol. II: Med, 12.:854. 1950. 
Dougherty, T. F. and A, White, Functional alterations in lymphoid tissue 
induced by adrenal cortical seoretion. Allier. J, Anat, 11:81. 1945, 
Downey, H. Handbook of Hematology. Roeber, New York. 1938. 
Ehrich, w. Studies of the lymphatic tissue. IV. Experimental studies of 
the effect of intravenous injection of killed staphylococci on tbe 
behavior of l.yaphatic tissue, tbyllus and the vascular connective 
tissue. J, Exper. Med, J2,:36l. 1929. 
Ehrich, w. E, The role of the lymphocyte in the circulation of lymph. 
Ann, N, Y. Acad, Sci. ~:823. 1946. 
Ehrich, w., D. L. Drabkin and c. Forman. Nucleic acids and the production 
of antibody by plasma cells. J. Exper. Med. ~:157. 1949. 
Ehrich, w. and To N. Harris. The formation of antibodies in the popliteal 
lymph nodes in rabbits. J, Exper. Med, ]i:335o 1942. 
Ehrich, w., 'l'o N. llarris and E. Mertens. The absence of antibody in the 
-orophages during llaXillwl antibody formation. J. Exper. Med • .§!:373. 
1946. 
Eiohvald, E. J. and E. c. :WStgraff. Problems in transplantation immunity. 
Ann. N, Y. Aoad, Sci. 1J..:777 • 1958, 
Engeset, A. The route of peripheral l.yaph to the blood stream. An x-ray 
study of the barrier theory. J. Anat. London. ~:96. 1959, 
Fagraeus, A. The plas- cellular reaction and its relation to the forma-
tion of antibodies .!a .nm,. J. Immunol. .5§.11, 1948. 
Fagraeus, A. Antibody production in relation to the developaent of plaSII& 
cells. Acta Med, Scand. (Suppl.) ~:1. 1948. 
Favour, c. B, Comparative :imrunoloQ and the phylogeny of homotransplan-
tation. Ann. N, Y. Acado Sci. 1J..:590. 1958. 
Fischer, H, W, A technique for radiography of l.yaph nodes and vessels. 
Lab. Invest, .§.:522. 1957. 
Foley, Go E, and A. H, Handler, Differentiation of "normal" and neoplastic 
cells -mtained in tissue culture by iaplantation into normal 
halllstsrs. Proo. Soc. Exper. Bi.ol. &: Med. ,2!:661, 1957. 
79 
Fox, A, S, Genetics of tissue specificity, Ann. N. Y, Aoad. Sci. .7l:6ll, 
1958. 
Fulton, G, P, and B, R. Lutz. The use of the hamster cheek pouch and 
cinephotomicrograpny for research on the microcirculation and tumor 
growth, and for teaching purposes, Boston Med, Quart, .§.:1. 1957. 
Gabrieli, E, R. Reticulo-endothelial activity during the antibody response. 
Ann, N, Y, Aoad, Sci • .22,:337. 1955, 
Greene, E, C, The Anatomy of the Rat, Hafner Publishing Co,, New York, 
1955. 
Greene, H, C, Compatability and non-compatability, Ann. N, Y, Acad, Sci • 
.22,:3ll. 1955. 
deGara, P, F. and D, M, Angevine, Studies on the site of antibody forma-
tion in rabbits following intracutaneous injections of pneumococcus or 
of streptococcus vaccine, J • Exper. Med, 1.§.:27. 1943. 
Gordon, A, s. Some aspects of homonal influence upon leukocytes. Ann. 
N, Y, Acad, Sci, .22,:907, 1955, 
Grabar, P, Some remarks on the illmunological aspects of homografts, Ann. 
N, Y, Aoad, Sci, .22,:374, 1955. 
Hebel, K,, K, M, Endicott, J, F, Bell and F, Spear. Immunological evidence 
on the role of the lymphocytes in antibody formation, J, Immunol, 
61:131. 1949. 
Ham, A, W, Histology, 2nd ed, J, B. Lippincott Co,, Philadelphia, 1953, 
Handler, A, H, Dissertation, Transplantation of heterospecific tissues 
into the cheek pouch of the golden hamster (Mesocricetus auratus). 
Boston University Graduate School, 1951, 
Handler, A, H,, D, I, Patt and B, R. Lutz, Growth of heterologous tumors 
in the hamster cheek pouch, Abstract, Anat, Reo, 112:147. 1952. 
Hsrrie, S,, T, N, Harris and M, B, Farber, Studies on the transfer of 
lymph node cells. I. Appearance of Antibody in recipients of cells 
from donor rabbits injected with antigens, J, Immunol, ,7g_:l48. 1954. 
Harris, S,, T, N, Harris, C, A, Ogburn and M, B, Farber, Studies on the 
transfer of lymph node cells, VII, Transfer of cells incubated ill,. 
vitro suspensions of Shigella paradysenteriae. J, Exper, Med, .!Qi: 
645. 1956. 
Harris, T, N., E, Grimm, E, Mertens and W, E, Ehrich, The role of the 
lymphocyte in antibody formation. J, Exper, Ked, .§!:73. 1945. 
80 
Harris, T. N., s. Harris and M. Farber. Transfer of lymph node cells to 
recipient rabbits preinjected with blood leukocytes of donors. Proc. 
Soc. Exper. Biol. & Med. ,22:26. 1957. 
Harris, T. N. and s. Harris. Histochemical changes in lymphocytes during 
the production of antibodies in lymph nodes of rabbits. J. Exper. 
Med. .!lQ.:l69. 1949. 
Harris, T. N., J. Jlhoads and J. Stokes, Jr. A study of the role of the 
t~us and spleen in the formation of antibodies in the rabbit. 
J. Immunol. 2Sl.:27. 1948. 
Hartley, G. The local formation of antivaccinal antibodies by the skin. 
J • Infect. Dis. .2.§.:44. 1940. 
Heller, J. Cortisone and phagocytosis. Endocrinology. .2§.:80. 1955. 
Hellman, T. J. and G. White. Das verbalten des lympbatiscben gewebes 
wllbrend eines illmunieserungeprozesses. Virchows Arch. .ll§.: 221. 
1930. (Quoted by Ringertz and by Yoffey.) 
Hills, A. G0 , P. H. Forsbam and c. A. Finch. Changes in circulatiug leu-
kocytes induced by ths administration of pituitary adrenocorticotrophic 
homones (ACTH) in man. Blood. ,l:755. 1948. 
Hcmans, J. The lymphatic system- historical and clinical considerations. 
Yale J. Biol. & Med. 2:559. 1935. 
Hudack, s. s. and P. D. McMaster. The study of llinute lymphatics of the 
liviug skin. J. Exper. Med. 21.:751. 1933. 
Jacobson, L. o., M. J. Rabson and E. K. Marks. The effect of x-irradiation 
on antibody formation. Proc. Soc. Exper. Biol. & Med. 15_:145. 1950. 
Jacobson, M. A simplified method of photomacrography. J. Biol. Photo. 
Ass. ii:l26. 1956. 
Jones, F. s. The liver as a source of bacterial agglutinin. J. Exper. 
Med. j!:767. 1925. 
Jordon, H. The origin and fate of the plasmacytes. Anat. Reo. 119:325. 
1954. 
Kahn, L. Tissue response i!!PDunity. Ann. N. Y. Acad. Sci • .29_:281. 1955. 
Kandutch, A. A. and u. Reinert-Wenck. Studies on a substance that promotes 
tumor homograft survival (The Enhanciug Substance). J. Exper. Med. 
!92,:125. 1957. 
81 
Kass, E. H., M. I. Kendrick end M, Finland, Effect of certain cortico-
steroids end of growth hormODes on nucleoprotein& of lymph nodes. Ann. 
N, Y, Acad. Sci. 22_:737. 1953. 
Kelsall, M. A. end E. D. Crabb. Lymphocytes and plasmacytes in nucleopro-
tein metabolism. Ann. N. Y. Aoad. Sci. ]g,:293. 1958. 
Keuning, F. s. end L. B. van der Slikk:e, The role of immature plasma cells, 
lymphoblasts, and lymphocytes in the formation of antibodies as 
established in tissue culture experilaents. J. Lab. Clin. Med. ~:167. 
1950. 
Kolouch, F., Jr. Origin of bone marrow plasma cell associated with allergic 
end immune states in the rabbit. Proc. Soc. Exper, Biol. & Med, .22_: 
147. 1938. 
Kolouch, F., R. A. Good end B. Campbell. The reticulo-endoibhelial origin 
of the bODe marrow plasu cells in hypersensitive states. J. Lab. 
Clin. Med, ~:749. 1947 • 
Kramar, J., M. s. Krsmar end v. Levine. Correlation between chemical con-
stitution and capillary activity of adrenocortical hormones. Proc. 
Soc. Exper. Biol. & Med. ~:282, 1956. 
Kurnick, N. B, Histological staining with methyl green pyronine. Stain 
Technolo ~:233. 1952. 
Kurniclt, N. B. Pyronine Y in methyl green pyronine histological stain. 
Stain Technol, ~:213. 1955. 
Leduc, E., A. H, Coons and J, M, Connolly. Immuno-histochemical locali-
zation of antibodies in the plasma cell and its progenitors. Anat. 
Rec. m:580. 1953. 
Lemon, H, M,, B. R, Lutz, R. Pope, L.Parsons, A, H. Handler and D, I. Patt. 
Survival and growth of human tissues transplanted to the hamster cheek 
pouch. Science. 115:461. 1952. 
Lutz, B. R., G, P, Fulton, D. I, Patt and A. H. Handler. The growth rate of 
tumor transplants in the cheek pouch of the helllster (Mesccricetus 
auratus). Cancer Res. 1Q.l23l. 1950. 
Lutz, B. R., G. P. Fulton, D. I. Patt, A. H. Handler and D. F. Stevens, 
The cheek pouch of the hamster as a site fer the transplantation of a 
methylcholanthrene induced sarcoma. Cancer Res. 11:64. 1951. 
Lutz, B. R. and D. I. Patt, I. White thromboembolism in the hamster cheek 
pouch after trauma, infection, and neoplasia; II. The use of the 
helllster cheek pouch as a site for hoaologous and heterologous tumor 
transplantation. Bull. New England Med. Ctr. ].!:58. 1952. 
82 
Maximow, A. A. and w. Bloom. A Textbook of Histology. w. Bloom, Ed. 6th 
Edition, w. B. Saunders, Philadelphia. 1952. 
McMaster, P. D. Lymphatic participation in cutaneous phenomena. Harvey 
Lectures. ::tJ..: 27{. 1941. 
l!.cl!.sster, P. D. and s. s. Hudack. The formation of agglutinins within lymph 
nodes. J. Exper. Med. .§1:783. 1935. 
McMaster, P. D. and R. J. Parson. Pey'siological conditions existing in 
connective tissue. I. The method of interstitial spread of vi tal 
dyes. J. Exper. Med • .§2.:247. 1939. 
McMaster, P. D. and R. J. Parson. Pey'Biological conditions existing in 
connective tissues. II. The state of tbe fluid in the intradermal tis-
sue. J. Exper. Med. .§2.:265. 1939a. 
Medawar, P. B. A second study of tbe behaviour and fate of skin homografte 
in rabbits. J. Anat. London • .7.2,:157. 1945. 
Medawar, P. B. Two notes on immunological tolerance. Transpl. Bull. 
J.:72. 1957. 
Mankin, V • Factors concsrnsd in the mobilization of leucocytes in infl!!.lll-
mation. Ann. N. Y. Acad. Sci. _2i:956. 1955. 
Manville, L. J. and J. N • .AM. Roentgen-ray study on nonpermeability to 
thorium dioxide of placenta of albino rat. Proc. Soc. Exper. Biol. 
II: Med. ~:1049. 1931. 
Miller, L. L. and w. F. Bale. Synthesis of all plasma protein fractions 
exoept gamma globulins by the liver. The use of zone electrophoresis 
and lysine-E-Cl4 to define the plasma proteins synthesized by the 
isolated perfused liver. J. Exper. Med. ~:125. 1954. 
Mitchison, N. A. Passive transfer of transplantation immunity. Proc. Roy. 
Soc. B. lli:72. 1954. 
Mitchison, N. A. Studies on the immunological response to foreign tumor 
transplants in the mouse. I. The role of the lymph node cells in 
confe=ing immunity by adoptive transfer. J. Exper. Med. 102: 
1955. 
Murphy, J. B. and Sturm, E. A comparison of the effects of X-ray and dry 
heat on antibody formation. J. Exper. Med. jl:245. 1925. 
Murphy, J. B. and E. Sturm. Effect of growth or retrogression of trans-
plantable lymphosarcomas of rats on lymphoid organs and adrenals of 
host. Cancer Res. _a:l39. 1948. 
Nordenskiold, E. The History of Biology. Tudor Publishing Co., N. Y. 1928. 
83 
Ortega, L. G. and R. c. l!!ellors. Cellular sites of formation of gamma 
globulins. J. Exper. Med. 106:627. 1957. 
Patt, D. I., A. H. Handler and B. R. Lutz. Transplantation of heterologous 
neoplasms into the cheek pouch of the hamster. Anat. Reo. 111:521. 
1951. 
Patterson, W. B., R. N. Chute and s. c. Somers. Transplantation of human 
tumors with cortisone treated hamsters. Cancer Res. ].!:656. 1954. 
Pfeiffer, R. and Marx. Die bild~tltte der Choleraschutzstaffe. 
Infekt. Kr. ZJ...:'n2. 1898. {Quoted by Yoffey, 1956). 
z. Hug. 
Powers, J. s., M. J. Taylor and E. c. MacDowell. Transfer of acquired re-
sistance to transplantable leukemia in mice. Proc. Soc. Exper. lhol. 
& l!!ed. .!Z,:655. 19~. 
Priddy, R. B. and A. F. Brodie. Facial musculature, nerves and blood 
vessels of the hamster in relation to the cheek pouch. J. Morph. .§l: 
149. 1948. 
Pullinger, B. D. and H. w. Florey. Proliferation of lymphatics in inflam-
mation. J. Path. Bact. ~:157. 1937. 
Ragan, c., E. Howes, c. Plotz, K. Myer and J. Blunt. Effect of cortisone 
on production of granulation tissue in the rabbit. Proc. Soc. Exper. 
Biol. & Med. .:zl:718. 1949. 
Ragan, c. Effect of ACTH and cortisone on connective tissue. In: 
Conference on Connective Tissues. The Josiah Macy Jr. Foundation, 
New York. Pp. 136-164. 1950. 
Rich, A. R. Inflammation in resistance to infection. Arch Path. 22:228. 
1936. 
Rich, A. R., M. R. Lewis and M. M. Wintrobe. The activity of the lympho-
cyte in the body's reaction to foreign protein, as established by the 
identification of the acute splenic cell. Johne Hopk. Hosp. Bull. 
~:311. 1939. 
Ringertz, N. and c. A. Adalllson. The lymph node response to various anti-
gens. Acta Path. Microbiol. Scand. Suppl. .§2.:1. 1950. 
Rogers, B. o. Guide and bibliography for research into the skin homograft 
problem. Plast. Reconstr. Surg. ].:13. 1951. 
Sabin, F. On the origin of the lymphatic system from the veins and the 
develo}E!nt of the lymph hearts and thoracic duct in the pig. ADler. 
J. Anat. 1=367. 1902. 
84 
Sabin, F. R. Cellular reactions to a dye protein with a concept of the 
mechanism of antibody formation. J. Exp. Med. 'JQ:67. 1939. 
Sanders, A. G. and H. w. Florey. The effects of removal of lymphoid tissue. 
Brit. J. Exper. Path. 21:275. 1940. 
Scothome, R. J. The effect of cortisone acetate on the response of the 
regional lymph node to a skin homograft. J. Anat. ~:417. 1956. 
Scothorne, R. J, The effect of cortisone on the cellular changes in the 
regional lymph node draining a skin homograft. Transpl. Bull. §.2.:13. 
1956. 
Scothome, R. J. ~phatic repair and the genesis of homograft immunity. 
Ann. N. Y. Acad. Sci. D_:672. 1958. 
Scothome, R. J. and Io A. McGregor. Cellular changes in lymph nodes and 
spleen following skin homotransplantation. Trans pl. Bull. ,!:207. 
1954. 
Scothome, R. J. and I. A. McGregor. Cellular changes in lymph nodes and 
spleen following skin homograft& in the rabbit. J. Anat. §.2.:283. 
1955. 
Seegal, B. c. and D. Seegal. Local organ hypersensitiveness. VII. Demon-
stration of agglutinins in tissues of the rabbit eye following immuni-
zation with Eb. typhi vaccine. Proc. Soc. Exper. Biol. &: Med. 2!_; 
437. 1934. 
Selye, H. Studies on adaptation. Endocrinology. _g_!:l69. 1937. 
Simpeon, M. E., c. H. Li., W. O. Reinhardt and H. M. Evans. Similarity of 
response of thymus and lymph nodes to administration of adrenocortico-
trophic hormone in the rat. Proc. Soc. Exper, Biol. &: Med. _2!:135. 
1943. 
Singer, c. A History of Biology. Second edition. H. Schuman Co., Inc., 
New York. 1950. 
Singer, F. M. and A. Borman. Anti-infl811111Btory activities of several 
9 a-halo derivatives of adrenal steroids. Proc. Soc. Exper. Biol. &: 
Med. .2Z_:23. 1956. 
Smith, c. The introduction and breeding of the Chinese striped hsmster 
(Cricetu111B griseus) in Great Britain. J. Animal Technicians Ass, 1.: 
59. 1957. 
Smith, '1'., M. L, Orcutt and R, B. Little. The source of agglutininB in the 
milk of cows. J • Exper. Med. 11.:153. 1923. 
85 
Sparrow, E, M, The behaviour of skin autografts and skin homografts in the 
Guinea pig, with special reference to the effect of cortisone acetate 
and ascorbic acid on the homograft reaction, J. Endocrin. !l_:lOl. 
1953. 
Stoerk, H. c. In: The Effects of ACTR and Cortisone upon Infection and 
Resistance. G, Shvartzman, Editor. Columbia University Press, New 
York. Pp, 72, 83, 1953. 
Sundberg, R. D, Lymphocytogenesis in human lymph nodes, J, Lab. and Clin. 
Med. ;&:m. 1947. 
Sundberg, D. R, Lymphocytes and plasma cells. Ann. N. Y. Acad. Sci. ,2!: 
671. 1955. 
Sundberg, D. R. and H. Downey. Comparison of lymphoid cells of bone marrow 
and lymph nodes of rabbits and guinea pigs. Amer. J, Anat. 1Q.:455. 
1942. 
Taft, E. B. The specificity of met~l-green-pyronine for nucleic acids. 
Exper. Cell, Res. ~:312, 1951. 
Taft, E, B, The problem of a standardized technic for the MGP stain. 
Stain Technol. ~:205. 195la. 
Teir, H, and A, Isotalo, Influence of cortisone on mitosis, Ann. Med, 
Exper. Biol. Fenn. :,&:1. 1954. 
Teilum, G., H, c. Engback and M, Simonsen. Effects of cortisone on plasma 
cells and reticulo-endothelial system in ~rimmunized rabbits. Acta 
Endocrinol, 2,:181. 1950• 
Toolan, H. w. Successful silbcutaneous growth and transplantation of human 
tumors in x-irradiated laboratory animals. Proc, Soc. Elxper. Biol. &: 
Med. 11.:572. 1951. 
Toolan, H. w. The growth of human tumors in cortisone treated laboratory 
animals, The possibility of obtaining permanently transplantable human 
tumors, Cancer Res. .]J,:384. 1953, 
Toolan, H. w. The growth of human embryonic tissues in cortisone treated 
laboratory animals, Proc. Soc. Elxper. Biol, & Med, 86:607. 1954, 
Toolan, H. w. The possible role of cortisone in overcoming resistance to 
the growth of human tissues in heterologous hosts. Ann, N, Y. Aced, 
Sci. ,2!:394. 1955. 
Toolan, H. w. Studies of adult and embryonic skin homografts on conditioned 
or normal rabbits with emphasis on the possible role of the ground 
substance, Ann, N. Y. Acad. Sci. Ii:546. 1958. 
86 
Trowell, 0, A. Experiments on lymph nodes cultured.!.!!. .!.U!:Q,. Ann, N, Y. 
Acsd, Sci, .22,:1066. 1955. 
Virchow, R, Cellular Pathology. 
edition b.Y Frank Chance. R. 
and Courtice, 1956), 
(1860), Translated from 2nd German 
M, de Witt, New York. (Quoted by Yoffey 
Walker, L, A, Localization of radioactive colloids in lymph nodes, J, 
Lab, & Clin. Med, ~:440, 1950. 
Welch, W, H, and S, Flexner. The histolo,szical changes in experimental 
diphtheria, Johns Hopk Hosp, Bull, 2:107, 1891. 
Wesslen, T, Studies on the role of lymphocytes in antibody production. 
Acta Der,-Venereol, .2l1265. 1952. 
Wiseman, B, K, The induction of lymphocytes and lymphatic hyperplasia by 
means of parentally administered protein, J, Exper. Med. ,2l:499. 
1931. 
Woodruff, M, F, and T. Boswell, Experiments with cortisone, (1) The 
effect of cortisone and other hormones on auto and homografts of en-
docrine tissue in animals, Transpl. Bull. .l,:lO. 1953. 
Wyman, L, c., G. P, Fulton, M, Shulman and L, Smith, Vasoconstriction in 
the cheek pouch of the hamster following treatment with cortisone, Am. 
J, Physiol. 176:335. 1954. 
Yoffey, J, M. The lymphatic pathway for absorption from the nasopharynx. 
Lancet. _!: 529. 1941. 
Yoffey, J, M, The mammalian lymphocyte. Biol. Rev, £!:314. 1949. 
Yoffey, J, M, and F. C. Courtice. Lymphatics, Lymph and Lymphoid Tissue. 
Harvard University Press, Cambridge, 1956. 
Yoffey, J, M, and c. K, Drinker, The lymphatic pathway from the nose and 
pharynx, J, Exper. Med, .2§.:629, 1938. 
87 
REGTOil.I\L LY?IPH l<QDE 'CSSPONSE TO Hm:oLOr,ous e ~'D 
HET!mOLOOOUS Tll.~HSPLH!IS 0'' 'l'UHO'l. ~~!1} >~oq··~.L 
TISSUES TN TH": ~JEl'K POUCH OF T"'' t!A"'S'l'"f{ 
Abstract of a Dissertation 
Submitted in partial fulfillment of the requirements 
for the degree of 1Joc tor of Philosophy 
by 
David Shepro 
A.B., Clark University, 1948 
A.l1., Clark University, 199:1 
Department: Biology 
Field of Specialization: Cytology 
'!ajor Instructor: Professor Donald I. Pratt 
1959 
ARSTRACT 
The goJrlen hamster, Hesocricetus auratus, is unique in that it 
frequently accepts not only homografts but even heterografts of normal 
and malignant tissues. One of the many theories a tterpting an expla-
nation of this phenomenon, namely that lymphatic tissues that drain the 
sites of imphntation do not respond in a t;rpicol fashion, motivated 
this study. Thus, the weight changes ,and the c;'tolof'ical variations 
of the superficial cervical nodes in response to homologous and hetero-
logous normal and malignant tissue transplants in the cheek pouch of 
the hamster were studied. 
The major objectives were: (1) to determine if there be any 
"defect" in the hamster's lymphatic tissue response to the various 
transplants; (2) to investigate the effects of the grafts on the 
large lymphoid cells of the cortex and on the plasma cells of the 
medulla; and ( 3) to investigate the feasibility of employing the his-
tological picture of a regional node draininr- the site of a tumor 
heterotransplant as a base line for anti-tumor studies during the cor-
tisone conditioning. 
Experimental Procedure 
Adult hamster muscle, human muscle, spontaneo,~s hamster amela-
noma melanoma, and human amelanoma melanoma uere transplanted into 
the left cheek pouch of hamsters b;r means of a f(l8 trochar. The 
tissue transplant experiments, with the exception of the homologous 
89 
tumor, were each divided into two groups; those recei vinp cortisone 
acetate and those that were non-cortisone conditioned. In !ldci tion 
a detailed description of the normal histology of the hamster's lymph-
atic tissue and t.ro control experiments were performed. The controls 
were run in order to determine the responses of the cervical nocles to 
cortisone conditioning and to the implantation of a chemically inert 
substance, a cellulose sponge. 
The superficial cervical nodes were removed at autopsy, 1-1eighed, 
and fixed in Carney's fluid. The fixed tissues were sectioned (S micra) 
and staned with methyl - v,reen- pyronine. The histological evaluation 
of the response was based upon a general description of the nodes and 
upon a series of counts that calculated the changes in (1) the number 
of secondary centers in the cortex; (2) the number of large lymphoid 
cells to small lymphocytes in the cortex; and (3) the proportional 
numbers of medullary lymphocytes (small, medium and large), plasma cells, 
reticular cells, granulocytes and mitotic cells. 
Observations and Conclusions 
a, The histology of the superficial cervical nodes of the hamster 
is similar to comparable nodes of other laboratory animals. 
b. The superficial cervical node is the principal draining node 
of the hamster cheek pouch but not the only one. 
c. Transplanted, adult, normal, muscu:la r tissc.1es induce a spe-
cific response in the re~ional nodes of neither conditioned 
nor nonconditioned hosts. 
d. Corti '>one conditioning inhibits any alteration of the 
regional lymph nodes that might be induced by a success-
fully growing tumor heterotransplont. 
e. Tumor heterotransplants in nonconditioned hamsters evoke 
a regional node response for apprmd.mately eight days 
duration, d•~ring •,;hich time there is a slight increase in 
the number of secondary centers, large lymphoid cells, and 
plasma cells. 
f. Foll~,;ing tumor homotransplantation, the reF,ional nodes 
respond unequivocolly and the observed histological changes 
may be described as a typical histo-immunological response. 
Thus it is concluded that there is no "defect" in the 
ability of the hamster's lymphatic tissue tor espond to 
homotransplantation stimulation. 
g. It is suggested that both the Ja rge lymphoid cell and the 
plasma cell are involved in the immunolo.c;ic3l response of 
the regional node draining either a homo- or heterograft 
of a malignant tissue in the hamster cheek pouch. 
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